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Compounds of formula (I) in which all 
variables arc defined in the description and their 
salts inhibit the enzyme oxido squalene cyclase 
and arc useful in n^eating hypercholesterolemia 
and also as anti-fungal agents. Processes for 
their preparation arc also desciibcd together with 
their use in medicine. 
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. HETEROCYCLIC COMPOUNDS USEFUL AS PHARMACEUTICAL AGENTS. 

This inveniion concerns heterocyclic compounds which are useful in inhibiting 
5 oxido-squalene cyclase, processes for their preparation and pharmaceutical compositions 
containing them. The present invention is also concerned with heterocyclic compounds 
capable of inhibiting cholesterol biosynthesis and hence in lowering cholesterol levels in 
blood plasma. The present inveniion also relates to methods of using such heterocvclic 
compounds in diseases and medical conditions such as hypercholesterolemia and " ' 
10 atherosclerosis. 

There is clinical evidence that raised serum cholesterol levels increase the risk of 
coronar>' hean disease and associated diseases such as atherosclerosis and ischaemic hean 
disease. As a result there has been a great deal of interest in finding ways of lowering 
cholesterol levels in blood plasma. Although it has been possible to obtain some reduction by 
15 means of diet, only modest reductions have been obtained by controlling the dietry intake of 
cholesterol. Consequently, there is a need for therapeutic approaches to reducing cholesterol 
levels. 

Several different classes of compounds have been reported to possess the 
capability of being able to lower cholesterol levels in blood plasma. For example agents 
>0 which inhibit the enzyme HMGCoA reductase, which is essential for the production of 

cholesterol, have been reported to reduce levels of .serum cholesterol. Illustrative of this class 
of compounds is the HMGCoA reductase inhibitor known as lovastatin which is disclosed in 
US Patent No 4,23 1 ,938. Other agents which are reported to lower serum cholesterol include 
those which act by comple.xinc with bile acids in the intestinal system and which are hence 
5 termed "bile acid sequestrants". It is believed that many of such agents act by sequestering 
bile acids within the intestinal tract. Tliis results in a lowering of the levels of bile acid 
circulating in the enteroheptatic system and promotes replacement of bile acids by synthesis 
in the liver from cholesterol, which results in an upregulation of the hepatic LDL cholesterol 
receptor and in a lowering of circulating blood cholesterol levels. 
^ """^^ biosynthesis of cholesterol is a complex process which will be considered 

here as three principal stages, namely 1 ) the conversion of acetic acid to nu-valonic acid 2) the 
conversion of mevalonic acid lo .squalenc and .1) the conversion ofsqualcnc <o ciiolcsicrol. In 



the last s.agc. squalcne is first convened into 2.3-oxido-squalenc and then to lanosierol. 
Lanosierol is then convened lo cholesterol through a number of enzymatic steps. 

The conversion of 2.3-oxido-squaIenc to lanosierol is a key step in the 
biosynthesis of cholesterol. This conversion is catalysed by the enzyme oxido-squalene 
5 cyclase. It follows that inhibition of this enzyme decreases the amount of lanosierol available 
for conversion lo cholesterol. Consequently, inhibition of oxido-squalene cyclase should 
interupt cholesterol biosynthesis and give rise to a lowering of cholesterol levels in blood 
plasrna via LDL receptor upreculation. 

The present invention is based on the discovery that cenain heterocyclic 
1 0 compounds are inhibitors of oxido-squalene cyclase and are hence useful in treating diseases 
and medical conditions in which inhibition of oxido-squalene cyclase is desirable. 

According to the present invention there is provided a compound of formula 1. or a 
pharmaceutically acceptable sail thereof, wherein » 
According to the present invention there is provided a compound of formula 1. 

15 




N\ ^T-Xl-Y'-Ar^-Q 
B 

wherein 

G' is CH or N; 
is CH or N; 
!0 n is 1 or 2; 

R is hydrogen, halogeno. irifluoromelhyl, trifluoromethoxy, cyano, amino, hydroxv, 
nitro. ( 1 -4C)aIkyl. ( 1 -4C)alko.vy. ( 1 -4C)alkylamino. di( 1 -4C)aIkylamino or pheny|( 1 - 
4C)alkyl; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
5 optionally bear a substiiuent selected from (l-6C)alkyl, (l-6C)alkoxy. phenyl{ 1 -4C)alkyl. 
halogeno and ( 1 -6C)alkoxycarbonyl; 
T is CH or N; 

when T is CH. X' is .selected from CR'R'. SO,, SO, CO. CR^R'O. a bond. O. S and 
NR^ and when T is N. X' is selected from CR'R-. SO,. SO. CO. CR'R'O and a bond: 
3 wlierein R'. R". R '. R"" and arc independently .«;elected fr6m hydrogen and ( I -4C)alk vl: 



Y' represents CR''R^ or a bond, wherein and r' are independently selected from 
hydrogen and (I -4C)aIkyl; 

Ar' is a phenylene, naphihylene, a 5- or 6-membered monocyclic heieroarvj ring 
containing 1. 2 or 3 heieroatoms selected from nitrogen, oxygen and sulphur, or a 9- or 1 0- 
5 membered bicyclic heteroaryl ring containing K 2 or 3 heieroatoms selected from nitrogen, 
oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L'X^L^Z in which L' is a bond. 
(l-4C)alkylene or (2-4C)alkenylene, L" is a bond or (l-4C)alkylene. X" is a bond. O. S, SO, 
SO2. CR*R', CO. OSO,. OCR'r', OCO. SO2O, CR Vo. COO. NR'^SO,, so,nr'<», ' 
10 NR"CO. CONR". NR'-CONR'^ and NR'^ in which R' and r' are independently selected 
from hydrogen, hydroxy and (I-4C)aIkyl: and R'°. r", r'^ r'^ and R" are independently 
selected from hydrogen and {l-4C)alkyI; 

Z is hydrogen. ( l-4C)alkyK phenyl, naphthyU phenyl(2-4C)alkenyl. pheny](2- 
4C)alkynyl or a heterocyclic moiety containing 1. 2. 3 or 4 heteroatoms selected from 
15 nitrogen, oxygen and sulphur; 

and wherein the phenyl, naphthyl or heteroaryl moiety in Ar' and the alkyi, phenyl, 
naphthyl, or heterocyclic moiety in Z may optionally bear one or more subsiitucnts selected 
from halogeno. hydro.xy. oxy, amino, nitro, cyano. carboxy, carbamoyl. (l-6C)aikyl, (2- 
6C)aikenyL (2-6C)alkynyl, hydroxyd -6C)alkyl, (l-6C)alkoxy, (3-6C)cycloalkyl, (3- 
20 6C)cyc]oalkyI(l-4C)alkyl. (l-4C)alkylenedioxy. (l-6C)alkylamino, di-f(I -6C)aIkyl]amino. N- 
(I-6C)aIkyicarbamoyi. di-N[(l-6C)alkyl]carbamoyl, (I-6C)alkanoyIamino. (1- 
6C)alkoxycarbonyl, (l-6C)aIkylthio, (l-6C)alkylsuIphinyl. (1 -6C)alkylsulphonyl. halogenof I- 
6C)alkyl. haIogcno(l-6C) alkylthio. haloceno(l-6C)alkoxy, ( J-6C)alkanoyl, tetrazoyi, phenyl, 
phenoxy, phenylsulphonyl, piperidinocarbonyl. morpholinocarbonyl. hydroxy(l-6C)a!kyi and 
25 amino(l-6C)alkyI: wherein any phenyl containing substituents may optionally bear one or 
more substituents selected from halogeno, trifluoromethyl, triOuoromethoxy. cyano, amino, 
hydroxy, nitro. ( 1 -4C)alkyl. ( 1 -4C)alkoxy, ( I -4C)aIkylamino and di{l -4C)aIkylamino; 

provided that the compound is not N-[4-[4-(4-pyridyI)pipcrazii)- 1 -ylcarbonyI]phenyl]- 
(E)-4-chlorostyrenesulphonamide or N-[4-[4-(4-pyridyl)pipera2in-I-ylcarbonyl]phenyl)-4'- 
30 bromo-4-biphenyli:sulplionamidc: 



and pharmaceuiically acceptable sails thereof. 
^* The chemical formulae referred to herein by Roman numerals are. for convenience, set 

out on a separate sheet following ihe Examples. 

It will be understood thai when formula I compounds contain a chiral centre, the 
5 compounds of the invention may exist in, and be isolated in, optically active or racemic form. 
The invention includes any optically active or racemic form of a compound of formula I 
which possesses the berieficial pharmacological effect of inhibiting oxido-squalcne cyclase. 
The synthesis of optically active forms may be carried out by standard techniques of organic 
chsmistrv' well known in the art, for example by. resolution of a racemic form, by synthesis 
10 from optically active sianing materials or by asymmetric synthesis. It will also be appreciated 
that certain compounds of formula I may exist as geometrical isomers. The invention 
includes any geometrical isomer of a compound of formula 1 which possesses the beneficial 
pharmacological effect of inhibiting oxido-squalene cyclase. '« 

It will also be understood that cenain compounds of the present invention may 
1 5 exist in soh aied. for example hydraied, as well as unsolvaied forms. It is to be understood 
that the present invention encompasses all such solvated forms which possess the propenv of 
inhibiting oxido-squalene cyclase. 

It is also to be understood that generic terms such as "alky I" include both the 
straight chain and branched chain groups such as butyl and ten-butyl. However, when a 
20 specific term such as "butyl" is used, it is specific for the straight chain or "normal" butyl 
group, branched chain isomers such as "t-butyl" being referred to specifically when intended. 

In one embodiment of the present invention there is provided a compound of formula 
1, or a pharmaceutical ly acceptable salt thereof, as herein before defined, provided thai when 
X' is CO. Ar' is phenylene which optionally bears 1 or 2 substituents selected from halogeno. 
25 trifluoromethyl, (l-4C)alkyl and ( 1 -4C)alkoxy. and is a bond to Q, then X* is a bond. 

Particular values for optional substituents which may be present on a phenvl. 
napthyl. heteroaryl or heterocyclic moiety include, for example, 

for alkyi: (l-4C)alkyl. such as methyl, ethyl, propyl, isopropyl. butyl. i.<;obuiyl. 

sec-buly] or tert-butyl; 
30 for cycioalkyl cyclopropyl. cyclobutyl or cyclopentyl; 

for cycloalk> lalkyi (.■;-6C)cycloalkyl( ! -:C)alkyl .such as cyclopropylmethyl. 

cyclopiopyleihyl. cyclobutylmeihy) or cyclopcntylmethyl: 



- A - 



for alkynyl; 
for alkoxy; 

5 

for alkylamino; 
for di-alkylamino; 
!0 for alkylcarbamovl 



30 



for alkenyl; {2-4C)alkenyl, such as allyl. prop- 1 -cnyl. 2-meihyl-2-propenyI or 2- 

buienyl; 

(2-4C)alkynyl, such as prop-2-ynyl or bui-2-ynyl; 
( I -6C)alkoxy, such as mcihoxy, elhoxy, propoxy, 
isopropoxy, butoxy, penioxy or 3-meihylbuioxy; 

(l-4C)alkylamino, such as meihyiamino, eihylamino, propylamino or 
butylamino; 

di-[(]-4C)alkyl]amino such as dimeihylamino. diethylamino, 
meihylpropyiamino or dipropylamino; 
(I-4C)aIkylcarbamoyl such as N-meihylcarbamoyl, 
N-ethylcarbamoyL N-propylcarbamoyJ, N-buiylcarbamoyl or N-ten- 
buty IcarbamoyJ or fN-(2-methylpropy l)carbamoyl ; 
for di-a)kylcarbamoyl; di-[( I -4C)alkyl]carbamoyl, such as N,N-dimeihylcarbamoyI 

or N,N-diethylcarbamoyl; 

(l-4C)alkoxycarbamoy) such as meihoxycarbonyl, 
ethoxycarbonyl, propoxycarbonyl, iso-propoxycarbonyl, 
butoxycarbonyl or tert-butoxycarbonyl; 
( 1 -4C)alky]thio such as methylthio, eihyhhio, propylthio, 
isopropylihio or butylthio; 
(l-4C)alkyIsulphinyl such as meihylsulphinyl, 
elhylsulphinyl. propylsuIphinyL isopropylsulphinyl or 
butylsulphinyl; 

()-4C)aikylsulphonyl such as methylsulphonyl, eihylsulphonyl, 
propylsulphonyl, isoproylsulphonyl or butylsulphonyl; 
fluoro, chloro, bromo or iodo; 

halogeno(l-4C)alkyl such as halogenoalkyi containing one, two or 
three halo groups selected from fluoro, chloro. bromo and iodo and 
an alky! group selected from methyl, ethyl, propyl, iso-propyl, huiyl, 
iso-buiyl and sec-butyl, thus particular values will include 
trifluoromethyl, difluoromethyl and Huoromethvl; 
( 1 -4C)alkanoylamino such as formamido. aceiamido. propionamfdo, 
iso-propionamido. buiyramido or iso-butyramido: 



1 5 for alkoxycarbonyl: 



for alkylihio; 



20 for alkylsulphinyl; 



for alkylsulphonyl; 

25 for halogeno; 

for halogenoalkyi; 



for alkanoylaniino; 



for alkyienedixoy; 
^ foralkanoyl; 
for hvdroxvalkv! 



5 for aminoalkyi: 



meihylenedioxy or eihylencdioxy; 

(l-4C)alkanoyl such as formyl, aceiyl, propionyl or buiyryl; 
i -hydroxy- i-meihyieihyl, hydroxymeihyl, 2-hydroxyeihyL or 2- 
hydroxy propyl; 

aminomethyl, 2-aminoeihyl. 1-aminoeihyl or aminopropyl. 



Particular values for optional subsiituents on A and B include, for example: 

^o*" ^'^>''; (l-4C)alkyl such as methyl, ethyl, propyl, isopropyl. butyi, isobutyl, 

10 sec-butyl or lert-butyl; 

for alkoxy; (l-4C)alkoxy such as methoxy, eihoxy, propoxy, isopropoxy or 

butoxy; 

phenyl (l-2C)alkyI such as benzyl, 2-phcnyleihyl or 1 -phenvleihyl 
fluoro, chloro, bromo or iodo 

methoxycarbonyh elhoxycarbonyl, isopropoxycarbonyl or 
butoxycarbonyl; 



for phenylalkyl; 
for halogeno; 
1 5 for alkoxy carbony I; 



Particular values for R include, for example. 



20 foralkyl; 
for alkoxy 
for alkyiamino 
for di-alkylamino 
for halogeno 



methyl, ethyl, propyl, iso-propyl or ten-butyl: 
methoxy, ethoxy, propoxy. isopropoxy or butoxy; 
methylamino, ethylamino or propylamino: 
dimethylamino, N-ethyl-N-methylamino or diethylamino; 
fluoro, chloro, bromo or iodo. 



25 

A particular value for R when irifluoromethyl is 3-trifluoromeihyl and/or 5- 

trifluoromethyl. A further particular value for R is hydrogen, also (1 -2C) alkyl, for example 
2-methyl. 

A particular value for Ar' when it is a 5- or 6-membered heieroaryl ring is, for 
30 example, furandiyl. ihiophenediyL pyridinediyl. pyrazinediyl. pyrimidincdiyL pyridazinedivl. 
pyrrolediyL pyrazolediyl. imidazolediyi, oxazolediyl. isoxazolediyl. ihiazoledivl, 
isolhiazolediyl, 1 .2,3-irizolediyl. 1 .2.4-iriazolediyI. oxiidiazolcdiyl. furazandiyL 



thiadiazolediyl and IJ.S-triazinediyI which may be anached tlirough any available position 
including any available nitrogen atom. It will be appreciated that when Q = H ih^above' 
group will only have one position of anachment and so group such as furandiyl will be furanyl 



etc. 



5 A particular value for Z when it is a heterocyclic moiety is, for example, a monocyclic 

5- or 6-membered heterocyclic ring or a 5- or 6-membered heterocyclic ring which is fused to 
a benzene moiety. Thus, panicular values will include. ftjr>'l. benzofuranyl, thienyl. 
benzothienyl. pyridyl. quinolyl, isoquinolyl. 1 ,2.3.4-tetrahydroquinolyl, ! .2,3,4- 
tetrahydroisoquinolyl, pyrimidinyl, pyrazinyl, pyrrolyl. indolyl. indolinyl, benzimidazol^l. 
10 oxazolyl, benzoxazolyl, isoxazolyl, thiazolyl, benzthiazoly! and oxadiazolyl. 

A panicular value for R' to R'^ when alkyl. is, for example methyl, ethyl, propyl. ■ 
isopropyl and ten-butyl. 

A panicular value for L' or when alkylene is, for ex-ample, methylene, ethylene or 
trimethvlene. 

15 A panicular value for Ar' when naphthyl is. for example, I -naphthyl or 2-naphthyl. 

A panicular value for Ar' when phenylalkenyl is. for example, siyryl. cinnamyl or 3- 
phenylprop-2-enyl. 

A particular value for Ar' when phenylalkynyl is, for example. 2-phenylethynyl. 3- 
phenylprop-2-ynyl or 2-phenylprop- 1 -ylnyl. 
20 A panicular value for A is methylene. 

A panicular value for T is CH. 
More particularly, Q- 'is CH or N; G' is CH. 
More panicular values are G' is CH or N; G'is CH. 

More particularly when T is N, X' is selected from a bond. CO, SO,, and CR'R-. 
25 More particularly when T is CH. X' is selected from a bond, CO. SO,, CR'R- and O. 

More particularly Y' is a bond. 

More particularly. Ar' is selected from a phenylene ring and a 6-membered heteroaryl 
moiety selected from these mentioned above. 

More particularly. Q is selected from hydrogen and a group of formula L'X'L'Z in 
30 which L' is (l-4C)alkylene or a bond. X" is selected from NR'" CO. NR'"SO,. NR'-COR" and 
SO,, and L' is a bond or ( I -4C)alkylene: and Z is as defined above. 
More particularly X'-Y' taken together arc O or S. 



In general, ii is preferred ihai G' and G* are both CH. 
^ in general, ii is preferred ihai when Q is hydrogen, X' is selected from ck'R^ SO. and 

CO. 

In general, it is preferred thai L' and L' are selected from CH> and a bond. 
5 In general, it is preferred thai when Q is a group of fomiula L'X'L'Z, X' is a bond. 

In general, it is preferred that T is N, 

in general, it is preferred that Ar' is a phenylene ring or a pyridyl rinc. 
In general, it is preferred that Z is a phenyl, phenyl(2-4C)alkenyL or naphthyl moiety. 
In general it is preferred thai Ar' and Ar-\ if sub.stiiuied arc independently mono- or di- 
10 substituted. 

More preferably, Ar' is a phenylene ring optionally substituted as hereinbefore 
defined. 

More preferably, Z is a phenyl ring, optionally substituted as hereinbefore defined. 
More preferably A and B are both ethylene. 
15 * A specific value for G' is CH or N. 

A specific value for G' is CH or N (especially CH). 
A specific value for T is CH or N. 

A specific value for X' is a bond. CO, SO,. CH, and O. A further specific value is O 

or S. 

20 A specific value for Ar' is a phenylene ring or a pyridyl ring. In particular the pyridyl 

ring is 2-pyridyl. More paaicular values include furanyK pyrimidinyl, ihiazolyl and o.xazolyl. 

A specific value for the group L'X'L* is CH.NHSO,. NHSO,, CH.SO,, 
CH.NHCONH, CH.NHCO. CH,N(Me)SO:. SO,. CO, O, CH^, OCH„ CH,CH,0, COCHXH, 
and a bond. 

25 Funher specific values for the group L^X^L" include CH.NHCO, NHSO,, CH.NHSOv 

CH,NH, CONH and SO,. 

A specific value for Z is phenyl, siyryl and naphthyl. 

A specific value for A is unsubstiiuted ethylene or unsubslituied methylene. 

A specific value for B is unsubsiituted ethylene. 
30 A suitable pharmaccuiically-acceptable salt of an aminoheterocyclic derivative of ihe 

invention is. for e.xample, an acid-addition sail ofan aminoheterocyclic derivative of the 
invention which is sufncienily basic, for example, an acid-addition salt with, for example, an 



inorganic or organic acid, for example hydrochloric, hydrobromic. sulphuric, phosphoric, 
tcifluoroacetic. ciij-ic or maleic acid. In addition a suitable pharmaceutical ly-accepoable salt of 
an aminoheierocyclic derivative of the invention which is sufficiently acidic is an alkali meial 
salt, for example a sodium or potassium salt, an alkaline earth metal salt, for example a 
5 calcium or magnesium salt, an ammonium salt or a salt with an organic ba.«:e which affords a 
physiologically-acceptable cation, for example a salt with methylamine. dimeihylamine. 
irimethylamine, piperidine, morpholine or tris-(2-hydroxyethyl)amine. 

In one embodiment of the present invention there is provided a compound of formula 
1, or a pharmaceutically acceptable salt thereof, wherein 
10 G'isCHorN; 

is CH or N; 
n is I or 2; 

R is hydrogen, halogeno. trinuoromelhyl. irifluoromelhoxy, cyano, amino, hydroxy, 
nitro, (l-4QalkyL (l-4C)alkoxy. (l-4C)alkylamino or di( 1 -4C)alkylamino; 
15 • A is methylene or ethylene; B is ethylene: and wherein A and B may independently 
optionally bear a substituem selected from (l-6C)alkyl. (l-6C)alkoxy, phenyl ( l-4C)alkyl. 
halogeno and (1 -6C)aIkoxycarbonyl; 
T is CH orN; 

when T is CH, X' is selected from CR'R-, SO, SO, CO, a bond. CR^R^O, O, S and 
20 NR\ and when T is N. X' is selected from CR'R-\ SO,. SO, CO, CR^R^O and a bond, wherein 
R'. R\ R\ R' and R' are independently selected from hydrogen and f l-4C)alkyl: 

Y' represents CR''R' or a bond, wherein R' and R' are independently selected from 
hydrogen and ( I -4C)alkyl; . 

Ar' is a phenylene ring or a 5- or 6-membered monocyclic heteroaryl ring containing 
25 L2 or 3 heteroaioms selected from nitrogen, oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L'X'L'Z in which L' is a bond or 
( I -4C)alkylene, L* is a bond or ( 1 -4C)alkylene, X' is a bond, S. SO, SO,. CR'R'. CO, 
NR-'SO,, SO,NR". NR'=CO, CONR'-' and NR^CONR" in which R'.R'.R-.R-.R'-\ R'^ and 
R" are independently selected from hydrogen and (l-4C)alkyl; 
0 Z is selected from phenyl, naphlhyl. pheny|(2-4C)alkenyl. phenyl(2-4C)alkynyl and a 

heterocyclic moiety comaininy |. 2. .> or 4 heteroatoms selected from nitrogen, oxygen and 
sulphur; 



and wherein ihe phenyl or heieroaryl moiety in Ar' and the phenyl, naphthyl. or 
* heterocyclic moiety in Z may optionally bear one or more substiluenis selected from 

halogeno. hydroxy, amino, nitro, cyano. carboxy. carbamoyl. (I-6C)alkyl. (2-6C)alkenyl. (2- 
6C)alkynyl. ( 1 -6C)alkoxy, (3-6C)cycloaJkyl, (3-6C)cycloalkylf I-4C)alkyl. (1- 
5 4C)alkylenedioxy, (l-6C)alkylamino. di-[(l-6C)aIkyl]amino. N-(l -6C)alkylcarbamoyl. di- 
N((l-6C)alkyl]carbamoyK (l-6C)alkanoylamino, (l-6C)alkoxycarbonyl. (I-6C)alkylthio. (I- 
6C)alkylsulphinyl. (1 -6C)alkylsu!phonyl, halogeno(1.6C)alkyL haIoceno(l-6C)alkoxy, (1- 
6C)alkanoyl and teirazoyl; 

provided that the compound is not N-[4-(4-(4-pyridyl)pipera2in-l-ylcarbonyl]phcnyl]- 
1 0 (E)-4-chlorostyrenesulphonamide, 

and pharmaceutical ly acceptable salts thereof. 

Panicular, prepared and specific values include the appropriate values mentioned 
above. In a panicular aspect of this embodimem when X' is CO, Ar' is phenylene which 
optionally bears I or 2 substiluenis selected from halogeno, trifluoromeihyl. ( ] -4C)alkyl and 
15(1 -4C)alkoxy, and L" is a bond to Q, then X^s not a bond. 

In a funher embodiment of the present invention Q is hydrogen and G'. C\ R. n, A. 
B. T, X'. Ar' and the optional substituents for the phenyl or heteroaryl moities in Ar' may 
have any of the values hereinbefore defined. 

Particular compounds of this embodiment include compounds of formula 1 and their 
20 pharmaceuiically acceptable salts in which R. n, Z, the optional substituents for a phenyl or 
heteroar>'l moiety on Ar' and the optional substituents for A and B may lake the values 
hereinbefore defined, (unless stated otherwise) and:- 

(a) G' is CH or N: G' is CH; T is N or CH; when T is N, X' is CR'r\S02, CO; when T 
is CH, X' is CR'R\S0,,C0,0,S.NR^ or a bond, in which R'.r' and R^arc independently 

25 selected from hydrogen and (l-4C)alkyl; v'is a bond, A and B are both ethylene: Ar' is a 
phenyl ring; 

(b) G' is CH or N: G' is CH. T is N. X' is CH,. SO, or CO. A and B are ethylene. Y' is a 
bond. .Ar' is a phenyl ring; 

(c) G' is CH, g' is CH. T is N. X' is CH,, SO, or CO. A and B are ethylene. Y' is a bond. 
30 Ar' is a phenyl ring; 

(d) G' is CH or N. G" is CH. T is CH. A is methylene. B is ethylene. X' is O or a hond. y' 
is a bond. Ar' is a phenyl or pyridyl rinu; 



lO 



TT 



(c) G' is CH or N. G" is CH, T is N, X" is CH,. SO,, CO. A and B are ethylene. Y' is a 
bond, ay' is a pyridyl ring; <i 
or addiiionally (0 which is as (d) above but wherein X" is O or S. It will be appreciated that Q 
is H in each of the above. 
5 Funher panicular compounds of this embodiment (Q = H). include compounds of 

formula I and their pharmaceutically acceptable sails in which R. n. the optional substituents 
for a phenyl or heteroaryl moiety on Ar' and the optional substituents for A and B may take 
the values hereinbefore defined, (unless stated oihei-wise) and:- 

(a) G' is CH or N; G' is CH; T is N or CH; when T is N, X' is CR'R=,SO,. CO; when T is 
10 CH. X' is CR'R^SO,XO.O,S,NR^ or a bond, in which R\R- and R^are independently 

selected from hydrogen and (I -4C)alkyl; Y'is a bond, A and B are both ethylene; Ar' is a 
phenyl ring; 

(b) G- is CH or N; G' is CH, T is N, X' is CH, SO, or CO, A and B are ethylene. Y' is a 
bond, Ar' is a phenyl ring; 

15 (c) • G- is CH or N, G' is CH, T is CH. A is methylene, B is ethylene. X' is O or a bond, Y' 
is a bond, Ar' is a phenyl or pyridyl ring; 

Cd) G' is CH or N, G' is CH, T is N, X' is CH,. SO,. CO, A and B are ethylene, Y' is a 
bond, Ar' is a pyridyl ring; 

or additionally (e) which is as (c) above but wherein X' is O or S. 
20 In a funher embodiment of the present invention, Q is a group of formula L'X'L'Z and 

G'. G-. R, n. A, B. T, X'. Ar',Z and the optional substituents for the phenyl, naphthyl. 
heteroaryl and heterocyclic moieties in Ar' and Z are as defined above. 

Particular compounds of this embodiment include compounds of formula 1 and their 
pharmaceutically acceptable salts in which R, n, Ar'. Z the optional substituents for A and B 
25 and the optional substituents for a phenyl, heteroaryl. naphthyl or benzene moieties in Ar ' or 
Z may take the values hereinbefore defined (unless stated otherwise) and:- 
(a) G' is CH or N. G' is CH, T is N or CH, A is ethylene, or methylene, B is 

ethylene. X 'and Y 'are bonds, Q is a group of formula L'X'L'Z in which L' is (1 -4C)alkylene 
or a bond, X- is selected from CONR'-' NR'-CO. NR'^SO,, NR'^CONR'^ and SO,, L is a (1- 
30 4C)alkylene or a bond, R'". 

R'-.R' and R" are independently selected from hydrogen and (1-4C)alkvl; 



/I 



^ (b) G' is CH or N, G' .s CH. T is N or CH. A and B arc ethylene. and > ' .re bonds: Q 
is a group of formula L'xY^Z in which L' is (I.4C)alkylene or a bond. is NHCO. NHSO,. 
NHCONH or SO,. is ( j-4C )alkylene or a bond, and R and n are as hereinbefore defmed; 

(c) G' is CH, g' is CH. T is N or CH, A and B are ethylene. X' and V* are bonds. Q is 

5 L'X^L- Z in which L' is (I-4C)alkylene. is a bond. X' is NHCO. NHSO. NHCONH and 
SOj. or 

(d) G' is CH or N (preferably CH), & is CH; T is N or CH (preferably N), X' and Y' are 
bonds. A and B are ethylene. Ar' is phenyl, Q is a group of formula L'X^'Z in which L' is 
(I-4C)alkylene or a bond (preferably alkylenc such as CHj), X^is NHCO. NHSO,. NHCONH 

10 or SO;. L' is (l-4C)alkylenc or a bond (preferably a bond): 

Further panicular compounds of this embodiment include compounds of formula 1 and 
their pharmaceuticaliy acceptable salts in which R. n. Ar'. Z the optional substituenis for A 
and B and the optional substituenis for a phenyl, heteroaryl. naphthyl or benzene moieties in 
Ar ' or Z may take the values hereinbefore defined (unless stated othenvisc) and:- 
15(a) G'isCHorN.G'isCH,TisNorCH,A is ethylene, or methylene. B is 

ethylene. X'and V'are bonds, Q is a group of formula L'X^L^Z in which L' is (I- 
4C)alkylene or a bond, X^ is selected from CONR'- NR'^CO. NR'^SO,, NR'^CONR" and 
SO2, L is a ( 1 -4C)alkylene or a bond, R 

R'^ ,R-"and R"" are independently selected from hydrogen and (l-4C)alkyl: 
20 (b) G-isCHorN.G'isCH.TisNorCH.AandBareethylene. X' and Y' are bonds; Q 
is a group of formula L'x'l'Z in which L' is (l-4C)alkylenc or a bond. X" is NHCO. NHSO,, 
NHCONH or SO,, l' is (l-4C)alkylene or a bond, and R and n are as hereinbefore defmed: 
(c) G- is CH or N (preferably CH), G' is CH; T is N or CH (preferably N). X' and Y' are 
bonds, A and B are ethylene, Ar' is phenyl, Q is a croup of formula L'x'L'Z in which L' is 
25 (l-4C)alkylene or a bond (preferably alkylene such as CH,), X^s NHCO. NHSO,. NHCONH 
or SO,, L- is (l-4C)alkylene or a bond (preferably a bond); 

In a preferred embodiment there is provided a compound of formula 1 or a 
pharmaceuticaliy acceptable salt thereof, wherein: 

G'is CH. G- is CH. T is N, X' is CO. SO, or CH,. A and B are ethylene. Ar' is phenyl. 
30 0 is hydrogen, and R. m and the optional substituent for .he phenyl moiety ofAr' are as 
hereinbefore deilncd. 



»2 
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Paniculan preferred and speciHc values include the appropriate values mentioned 

qbove. 

In a funher preferred embodiment there is provided a compound of formula I or a 
pharmaceutically acceptable salt thereof wherein: 
5 G' is CH. is CH. T is N. X' is a bond, Y' is a bond, A and B are ethylene. Ar" is phenyl, Q 
is of formula L'XVZin which L'is (l-4C)alkylene (preferably CH,), X" is hiR'SO, in which 
R*is (l-4C)alkyI or hydrogen (preferably hydrogen), and 2 is phenyl, wherein the phenyl 
moiety of Ar' and Zmay optionally be substituted as hereinbefore defined and R and m arc as 
hereinbefore defined. 

Particular, preferred and specific values include the appropriate values mentioned 
above. 

In a funher embodiment of the present invemion. Z is (l-4C)alkyl or hydrogen, more 
paniculariy (]-4C)alkyK and the other groups are as hereinbefore defined. 

Compounds of panicular interest include the compounds described in the 
15 accompanying examples and as such they and their pharmaceutically acceptable salts are 
provided as a further feature of the present invention. 

The compounds of formula I and their pharmaceutically acceptable salts may be 
prepared by processes known to be applicable to the preparation of stnicturally related 
compounds. These procedures are illustrated by the following representative processes 
20 in which the various groups and radicals such as G ', G', A, B, X', Ar' and Q are as 

hereinbefore defined (unless staled otherwise), and are provided as a further feature of the 
present invention. In cases where the compounds comain a group such as an amino, hydroxy, 
or carboxy group, this group may be protected using a conventional protecting group which 
may be removed when desired by conventional means. 
25 (a) For the production of those compounds of the formula I wherein T is N and X' is CO. 
the reaction, conveniently in the presence of a suitable base, of an amine of the 
formula II. 



with an acid of the formuJa Hi. 



HO;C-Y'-Ar'-Q ]]] 



or a reactive derivative thereof. 

A suitable reactive derivative of an acid of the formula III is, for example, an acy] 
halide. for exannple an acy! chloride formed by the reaction of the acid and an inorganic acid 
1 0 chloride, for example thionyl chloride; a mixed anhydride, for example an anhydride formed 
by the reaction of the acid with a chloroformate such as isobutyl chloroformate or with an 
activated ketone such as 1 . 1 "-carbonyldiimidazole: an active ester, for example an ester 
formed by the reaction of the acid and a phenol such as pentantjorophenol, an ester such as 
pentanuoropheny] trifluoroacetaie or an alcohol such as bl-hydroxybenzotriazole or 
15 N-hydroxysuccinimidc: an acyl azide. for example an azjde formed by the reaction of the 
acid and an azide such as diphenylphosphoryl azide: an acyl cyanide, for example a cyanide 
formed by the reaction of an acid and a cyanide such as dielhylphosphoryl cyanide; or the 
product of the reaction of the acid and a carbodiimide such as 

N,N'-dicyclohexylcarbodiimide or fcJ-C3-dimethylaminopropyi)-N"-eihylcarbodiimide. 
20 The reaction is conveniently carried out in the presence of a suitable base such as. for 

example, an alkali or alkaline eanh metal carbonate, alkoxide. hydroxide or hydride, for 
example sodium carbonate, potassium carbonate, sodium clhoxide. potassium butoxide. 
sodium hydroxide, potassium hydroxide, sodium hydride or potassium hydride, or an 
organometallic base such as an alkyl-lithium, for example n-butyl-lithium. or a 
25 dialkylamino-lithium, for example lithium di-isopropylamide. or. for example, an organic 
amine base such as. for example, pyridine. 2.6-lutidinc. collidine. 4-dimeihylaminopyridine. 
triethylamine. morpholine or diazabicyclo[5.4.0]undec-7-enc. The reaction is also preferably 
carried out in a suitable inert solvent or diluent, for example methylene chloride, chloroform, 
carbon tetrachloride, leirahydrofuran. 1 .2-dimetlioxyeihane. N,N-dimeihylformamide. 
30 N.ti-dimcthylacciamide. N-methylpyrrolidin-2-onc. dimethylsulphoxidc or acetone, and ai ;i 
temperature in the ranye. for example. -78° to I 50°C. conveniently ai or near ambient 
icmperaiure. 



A suitable proieciing group for an amino or alkylamino croup is. for example, an acyl 
croup, fbr example an alkanoyl group such as acetyl, an alkoxycarbonyl group, fof^examjile 
a melhoxycarbonyl. eihoxycarbonyl or len-butoxycarbonyl group, an ar>'lmethoxycarbonyI 
group, for example bcnzyioxycarbonyl. or an aroyl group, for example benzoyl. The 
5 deproicciicn conditions for the above protecting groups necessarily vary with the choice of 
protecting group. Thus, for example, an acyl group such as an alkanoyl or alkoxycarbonyl 
group or an aroyl croup may be removed for example, by hydrolysis with a suitable base 
such as an alkali metal hydroxide, for example lithium or sodium hydroxide. Alternatively 
an acyl group such as a led-buloxycarbonyl group may be removed, for example, by " ' 
10 treatment with a suitable acid such as hydrochloric, sulphuric or phosphoric acid or 

irifTuoroacetic acid and an arylmethoxycarbonyl group such as a bcnzyioxycarbonyl group 
may be removed, for example, by hydrocenation over a catalyst such as 
palladium-on-carbon, or by treatment with a Lewis acid for exomple boron 
tris(trifluoroacetaie). A suitable alternative protecting group for a primary amino group is, 
1 5 for example, a phthaloyi group which may be removed by ireatmeni with an alkylamine. for 
example dimethylaminopropylaminc, or with hydrazine. 

A suitable protecting group for a hydroxy group is. for example, an acyl group, for 
example an alkanoyl group such as acetyl, an aroyl group, for example benzoyl, or an 
ar>-Imethyl group, for example benzyl. The deprotection conditions for the above protecting 
20 groups will necessarily vary with the choice of protecting group. Thus, for example, an acyl 
croup such as an alkanoyl or an aroyl group may be removed, for example, by hydrolysis 
with a suitable base such as an alkali metal hydroxide, for example lithium or .sodium 
hydroxide. Alternatively an arylmethyl group such as a benzyl group may be removed, for 
example, by hydrocenation over a catalyst such as palladium-on-carbon. 
25 A suitable protecting group for a carboxy group is, for example, an eslerifying group, 

for example a methyl or an ethyl group which may be removed, for example, by hydrolysis 
with a base such as sodium hydroxide, or for example a tert-butyl group which may be 
removed, for example, by treatment with an acid, for example an organic acid such as 
trinuoroaceiic acid, or for example a benzyl group which may be removed, for example, bv 
0 h>'drogeii2iion over a catalyst such as palladium-on-carbon. 

An analoi:ous procedure nvjy be used for tho.se compounds of fomub I wherein X ' i.s 
a group ofliv fornuila SO or SO:.. 
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(b) For the production of those compounds of the formula I wherein. T is CH and X' is ( 
the reaction, cnnvcnientiy in the presence of a suitable coupling agent, of a compound of ,h 
formula IV. 



A 



1 0 wherein T is a displaceable croup, with a compound of the formula W 

HO-Y'-Ar'-O V 

A suitable value for the displaceable croup 2" is, for example, a halogeno or 
1 5 suiphonyloxy group, for example a fluoro. chloro. bromo. mesyloxy or 4-tolylsulphonyIoxy 
group. 

A suitable reagent for the coupling reaction when 7J is a halogeno or suiphonyloxy 
group is, for example, a suitable base, for example, an alkali or alkaline earth metal 
carbonate, hydroxide or hydride, for example sodium carbonate, hydroxide or hydride, for 
20 example sodium carbonate, potassium carbonate, sodium hydroxide, potassium hydroxide, 
sodium hydride or potassium hydride. The alkylation reaction is preferably performed in a 
suitable inen solvent or diluent, for example RN-dimethylformamide. 
N.N-dimethylacetamide. dimethylsulphoxide. acetone, 1 .2-dimethoxyethane or 
tetrahydrofuran. and at a temperature in the range, for example. -10° to 1 50°C. conveniently 
25 at or near ambient temperature. 

Alternatively, ihe displaceable group T is provided in place of .he HO-group in the 
compound of formula V and .he l lO-group ,s provided in place of the displaceable group Z" 
in the compound of formula IV. 



A suitable reagent for the coupling reaction of the alcohol of the formula IV wherein 
Z-is a hydroxy group is, for cxampJe, the reagent obtained when said alcohol is readied wi\h 
a di-(l-4C)alkyl azodicarboxylate in the presence of a triarylphosphine or 
tri-(l-4C)alkylphosphine. for example with diethyl azodicarboxylate in the presence of 
5 iriphenylphosphine or tributylphosphine. The reaciion is preferably performed in a suitable 
inert solvent or diluent, for example acetone, 1 ,2-dimethoxyelhane or tetrahydrofuran. and at 
a temperature in the range, for example, 10° to 80°C. conveniently at or near ambient 
temperature. 

An analogous procedure may be employed for the preparation of those compounds of 
10 the formula I wherein T is CH and X' is a group of the formula S. 

(c) For the production of those compounds of the formula I wherein T' is N and X' is 
CH(R-). the reductive aminaiion of a keto compound of the formula V], 
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R -CO-Y'-Ar'-Q VI 



with an amine of the formula II. 

Any reducing agent known in the art for promoting a reductive amination reaction 
may be employed. A suitable reducing agent is, for example, a hydride reducing agent, for 
20 example an alkali metal aluminium hydride such as lithium aluminium hydride or, 
preferably, an alkali metal borohydride such as sodium borohydride. sodium 
cyanoborohydride. sodium triethylborohydride. sodium trimethoxyborohydride'and sodium 
triacetoxyborohydride. The reaction is conveniently performed in a suitable incn solveni or 
diluent, for example tetrahydrofuran and diethyl ether for the more powerful reducing agents 
25 such as lithium aluminium hydride, and, for example, methylene chloride or a proiic solvent 
such as methanol and ethanol for the less powerful reducing agents such as sodium 
triacetoxyborohydride. The reaction is performed at a temperature in the range, for example. 
10" to 80°C. conveniently at or near ambient temperature. 

0 (d) The reaction of an amine of formula II with a compound of formula VII. 

Z-X'-Y'-Ar'-Q XI 



n 



wherein T is a dispJaceable group as defined hereinbefore. The reaciion may be 
performed, for example, in the presence of a catalytic amonui of sodium hydride The 
reaction is conveniently performed in a suitable inert solvent or diluent as defined 
5 hereinbefore and at a temperature in the range, for example. 0° to I50"C. conveniently ai or 
near ambient temperature. 

(e) The reaction of a compound of formula VllI 

10 



wherein T is a displaceable croup as defined herein before with a compound of lormula IX 

'X HN .T- X' - Y' - Ar' - Q 

^ B ^ 



The reaction is conveniently performed in a suitable inert solvent or diluent as defined 
20 hereinbefore and at a temperature in the range, for example. 0» to I 50°C. conveniently at or 
near ambient temperature. 

(0 For the production of those compounds of the formula I wherein X^ is a croup of 
the formula NR'"sOj. the reaction, conveniently in the presence of a suitable base as 
25 defined hereinbefore, of an amine of the formula X. with a compound of the formula XL 



2-.SO,-L'-Z 



XI 



If 



wherein Z* is a displaceable group as defined hereinbefore. 

. . The reaction is conveniently performed in a suitable inen solvent or diluenf as * 
defined hereinbefore and at a temperature in the range, for example. 0* to 1 SCC. 
conveniently at or near ambient temperature. 
5 An analogous procedure may be employed for those compounds of the formula I 

wherein is a group of the formula NR'^CO. 

(g) For the production of those compounds of the formula 1 wherein X' is a group of 
the formula NR'^CONR", the reaction, conveniently in the presence of a suitable base a^ 
10 defined hereinbefore, of an amine of the formula X, 



\^ /) „ ^ T-X' - Yi - Ari - - NHR'o 



1 5 with a compound of the formula XII, 



o=c=n-l'-z 



XII 



The reaction is conveniently performed in a suitable inert solvent or diluent as 
20 defined hereinbefore and at a temperature in the range, for example, 0° to 1 SCC. 
conveniently at or near ambient temperature. 



(h) For the production of those compounds of the formula I wherein X^ is a group ofthe 
formula NR'"S0, and R'" represents (1 -4C)alkyl. the reaction, conveniently in ^he presence 
25 of a suitable base as defined hereinbefore, of a corresponding sulphonamide ofthe formula 
XIII. 



X'" /) N T-X'-Y'-Ar'-L'-NHS02.-L^'-2 

with a compound of the formula XIV. 



R"*-Z' 



XIV 



wherein Z' is a displaceable group as defined hereinbefore. 

The reaction is conveniently performed in a suitable inert solvent or diluent as 
defined hereinbefore and at a temperature in the range, for example, 0° to liO^C 
10 conveniently at or near ambieni temperature. 

An analogous procedure may be employed for those compounds of the formula 1 
wherein X" is a group of the formula SO,NR" or NR'-'CO. 

(i) For the production of those compounds of the formula I wherein L' represents (1- 
15 4C)alkyIene and X'is S. the reaction, conveniently in the presence of a suitable base as 
defined hereinbefore, of a compound of the formula XV, 



V/< ^T-X^-Y'-Ar^-(CH,)„-Z- 
R ' 



20 

wherein m is 1 .2.3 or 4, and T is a displaceable group as defined hereinbefore with a thiol of 
the formula XVI, 

HS-L-Z XVI 

25 

The reaction is conx eniently performed in a suitable inert .solveni or diluent as defined 
hereinbefore and at a temperature in the range, for example, 0° to I 50°C. conveniently at or 
near ambient temperature. 



0) For the production of those compounds ofihe formula I wherein Ar' or 2 6ears a ' 
carboxy or carboxy-coniaining group, the hydrolysis of a compound of ihe formula I wherein 
Ar' or 2 bears a (l-6C)alkoxycarbonyl group. 
5 The hydrolysis reaction may conveniently be carried out in a conventional manner 

using, for example, acidic or basic catalysis. A suitable acid for the acidic hydrolysis of an 
ester croup is. for example, an inorganic acid such as hydrochloric or sulphuric acid. A 
suitable base for the basic hydrolysis of an ester croup is. for example, an alkali or alkaline 
earth metal hydroxide such as sodium hydroxide or potassium hydroxide. 
1 0 The reaction is conveniently performed in a suitable solvent or diluent such as an 

alcohol, for example methanol or cthanol. and at a temperature in the range, for example 0° to 
120°C. conveniently in the range of 15° to 60°C. 

V 

(k) For the production of those compounds of the formula I wherein Ar' or 2 bears a 
15 carbamoyl. N-( I -6C)alkyIcarbamoyl or alkyldi-N((l.-6C)carbamoyI group, the reaction of a 
compound of the formula I wherein a' or 2 bears a carboxy group, or a reactive derivative 
thereof as defined hereinbefore, with ammonia or an appropriate alkylamine or dialkylamine. 

The reaction is conveniently perfomied in a suitable inen solvent or diluent as defined 
hereinbefore and at a temperature in the range, for example, 0" to 120°C. conveniently in the 
20 range 1 5° to 60°. 

(I) For the production of those compounds of the formula I wherein x' is a group of the 
formula SO or SO, wherein Ar' or 2 bears a (1 -6C)alkylsulphinyl or ( 1 -6C)alkylsulphonyl. 
substituent or wherein is a group of the formula SO or SO, the oxidation of the 
25 corresponding compound of the formula 1 which contains a thio group. 

A suitable oxidising agent is. for example, any agent known in the an for the oxidation 
of thio to sulphinyl and/or sulphonyl, for example, hydrogen peroxide, a peracid (such as 
3-chloroperoxyben2oic or peroxyacetic acid), an alkali metal peroxysuiphate (such as 
potassium peroxynionosulphate). chromium trioxide or gaseous oxygen in the presence of 
30 platinum. The oxidation is generally carried out under as mild conditions as possible :.nd with 
the required stoichiometric amount of o.xidising agent in order lo reduce the risk of ovc-r 
oxidation and damage lo other functional groups. In general the reaction is carried ou. in a 

ai 



suitable solvent or diluent such as methylene chloride, chloroform, acc.tone. teirahydrofuran or 
isn-butyl methyl ether and at a temperature, for example, at or near ambient temperature, thai 
is in the range 1 5 to 35°C. When a compound carrying a sulphinyl group is required a milder 
oxidising agent may also be used, for example sodium or potassium metaperiodaie. 
5 conveniently in a polar solvent such as acetic acid or ethanol. It will be appreciated that when 
a compound of the formula I coniaining a sulphonyl group is required, it may be obtained by 
oxidation of the corresponding sulphinyl compound as well as of the corresponding ihio 
compound. 

As mentioned above, it will be appreciated that in some of the reactions 
10 mentioned herein it may be necessary/desirable to protect any sensitive groups in tiie 

compounds. The instances where protection is necessary or desirable and suitable methods 
for protection are known to those skilled in the an. Thus, if reaciants include groups such as 
amino, carboxy or hydroxy it may be desirable to protect the group in some of the reactions 
mentioned herein. Suitable protecting groups are mentioned under (a^ above. The protecting 
15 groups may be removed at any convenient stage in the synthesis using conventional 
techniques well known in the chemical art. 

It will also be appreciated that certain of the various optional substituents in the 
compounds of the present invention may be introduced by standard aromatic substitution 
reactions or generated by conventional functional group modifications either prior to or 
20 immediately following the processes mentioned above, and as such are included in the process 
aspect of the invention. Such reactions and modifications include, for example, introduction 
of a substituenl by means of an aromatic substitution reaction, reduction of substituents. 
alkylation of substituents and oxidation of substituents. The reagents and reaction conditions 
for such procedures are well known in the chemical an. Particular examples of aromatic 
25 substitution reactions include the introduction of a nilro group using concentrated nitric acid, 
the introduction of an acyl group using, for example, an acylhalide and Lewis acid (such as 
aluminium trichloride) under Friedel Crafts conditions; the introduction of an alkyi group 
using an alkyI halide and Lewis acid (such as aluminium trichloride) under Friedel Crafts 
conditions; and the introduction of a halogeno group. Particular examples of modifications 
30 include the reduction of a nitro group to an amino group by for example, c.italylic 

hydrogenation wiili a nickel catalyst or treatment with iron in the presence of hvdrot hloric 
acid with heating; oxidation ol aikylthio to alkylsulphinyl or alkylsulphonvl 



IX, 



When a pharmaceuiically-accepiable salt of a compound of ihe formula I is 
required: it may be obtained, for example, by reaction of said compound with the appropriate 
acid (which affords a physiologically acceptable anion), or with the appropriate base 
(which affords a physiologically acceptable cation), or by any other conventional salt 
5 formanon procedure. 

When an optically active form of a compound of ihe formula I is required, it may be 
obtained, for example, by carrying out one of the aforesaid procedures using an optically 
active staning material or by resolution of a racemic form of said compound using a 
conventional procedure. As mentioned previously, the compounds of the formula 1 (and their 
10 pharmaceutically-acceptable salts) are inhibitors of the enzyme oxido-squalene cyclase. Thus, 
the compounds of the present invention are capable or inhibiting cholesterol biosynthesis and 
hence in lowering cholesterol levels in blood plasma. 

The beneficial pharmacological propenies of the compounds of the present invention 
may be demonstrated using one or more of the following techniques. 

15 

In vjiro test 10 measure inhihitinn nf ^ y idn-s^ nal^n» ^x.^lpco 

This test measures the inhibition of microsomal oxido-squalene cyclase in vitro by 
compounds at set concentrations in the incubation medium. 

20 Microsomes are prepared from rat liver according to methods known in the an, for 

example, the method described in published European Patent Application No 324,421 and 
stored in liquid nitrogen prior to assay. Assay vials are kept at 37°C throughout the 
incubation. The microsomes typically contain 15.20mg of protein per ml of microsomes. 
For assay, I ml of microsomes are diluted by the addition of 722^1 of 50mM phosphate buffer 

25 pH 7.4. 

Phosphate buffered Tween 80 (polyoxyethylene sorbitan monoiaurate) is prepared 
by adding 0. 1 g Tween 80 to 1 00ml of 50mM phosphate buffer. 

A stock solution of oxido-squalene is made up as a solution in elhanol 
(0.65,Tig.mr'). ISmI of radio-labelled oxido-squalene (iMCi.ml ') is evaporated to dryness 
30 under a stream of nitrogen and redissolved in imi of ethanol and 1ml of the stock solution of 
oxido- squalenc is added. 
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The test compound is dissolved in dimethyl sulphoxide to ciye a lOJ^M stock 
solution. DiJulions are made from the stock to give 10"*M, IO 'm etc. 

Phosphate buffered Tvveen 80 (28m1) is placed in 5ml disposable plastic vials and 
4jil of the solution of the test compound is added and mixed well. An aliquot of the oxido- 
5 squalene mix (i5)jl) is added and the vials pre-incubaied for 10 minutes at 57"C. A 

portion of the microsomes (14.6)j1) are then added and incubated for a funhcr I hour. The 
reaction is stopped by the addition of 315^1 of a mixture of 16% KOH in 20% ethanol 

The samples are then placed in a water bath at 80°C for 2 hours to saponify. At 
the end of this process water (630nl) is added followed by hexane (5ml). The samples are ' 
10 tumble mixed for 5 minutes and then centrifuged. The hexane phase is removed and 

evaporated under nitrogen. The samples are then reconstituted in 300ul of a 80:20 mixture of 
aceioniirile:isopropyl alcohol. The samples arc then chromatographed using a Hichrom 
30DSI column with an isocraiic cluiion using a 95:5 mixture oAacetonitrile:isopropyl alcohol 
and a flow rate of Iml.min*'. The output from the UV detector is connected to a radio- 
15 chemical detector to visualise radiolabelled sterols. Reaction rate is measured as the 

conversion of oxido-squalene to lanosierol, and the effects of test compounds are expressed as 
an inhibition of this process. 

By way of example, the compound described in Example 25 gave 100% inhibition 

at I^iM. 

20 (b) In vivo test to mea«;ure inhihiimn of Oxirio-Soualene rvrla< :i;> 

The ability of a compound to inhibit oxido-squalene cyclase and/or 
inhibit cholesterol biosynthesis may be assessed by a routine laboratory procedure carried out 
in the rat. The test involves administration of the compound to rats on a reversed lighting 

25 regimen. Female rats (35 - 55g) are housed in reverse lighting conditions (red light from 

0200h - 1400h) for a period of about 2 weeks prior to test. Animals are allowed free access lo 
chow and drinking water throughout this period. At test, animals should weigh 100 - 140g. 
The rats arc do.sed orally with the compound (typically IO-50mg/kg) formulated in a 
polyethylene giycol/hydroxypropylmethyl cellulose mix. After I hour the rats arc given 

30 triturated sodium mevalonate ( 1 5MCi/kg) intraperiioncally. Two hours after administiaiion of 
the compound the rats arc terminated and a piece of liver removed and weighed. The tissue is 
saponified ai 80°C for 2 hours in an cthanolic'poiassium iiydroxide .solution (80% wA 
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aqueous KOH diluied 1 :10 with clhanol). Waier (2ml) is added and the mixture cxtracied 
with isoahexane (2 x 5ml). The organic extracts are combined, evaporated to drj n^'ss undfer a 
stream of nitrogen and the residue is dissolved in a mixture of acetonitrile/iso-propanol 
(300^11). An aliquot (200ul) of this solution is loaded onto a HPLC column to separate the 
5 sterols. The radio-label content of each fraction is assessed using a radio chemical /low 
detector. Inhibitors of oxido-squalene cyclase are classed as those compounds which caused 
a build up of substrate and a concomitant disappearance of cholesterol and its precursors. 
ED50 values are generated in the usual manner. 

By way of example, the compound described in Example 18 below gave 59%' 
10 inhibition of cholesterol biosynthesis when dosed at 2mg/kg; and the compound described in 
Example 27 70% inhibition when dosed at 2mg/kg. 

The compounds of the present invention are oxido-squalene cyclase inhibitors and 
hence possess the propeny of inhibiting cholesterol biosynthesis. .Accordingly, there is also 
provided the use of a compound of formula 1, or a pharmaceuticaily acceptable salt thereof. 
1 5 (as hereinbefore defined) for the manufacture of a medicament for inhibiting cholesterol, 
biosynthesis. The compound N-[4-{4-(4-pyridyl)pipera2in-l-ylcarbonyl]phenyl]CE)-4- 
chlorostyrenesulphonamide and its salts are included in this aspect of the present invention 
and the aspect which follow relating to uses of the compounds of the present invention. Thus 
the compounds of the present invention will be useful in treating diseases or medical 
20 conditions in which an inhibition of oxido-squalene cyclase is desirable, for example those in 
which a lowering of the level of cholesterol in blood plasma is desirable. 

In particular, the compounds of the present invention will be useful in treating 
hypercholesterolemia and hypertriglyceridaemia, and in the treatment of atherosclerotic 
vascular diseases such as atheroscterosis, coronary heart disease including myocardial 
25 infarction, angina, stroke and peripheral vascular disease. Such uses may lead to a reduction 
of morbidity in patients with ischaemic heart disease, whether or not they have a medical 
history of coronary heart disease. Compounds of the invention may also have benefit in the 
ireatmeni of dermatological conditions such as xanthomas and xanthelasmas and in the 
treatment of gall.stones. 

30 Thus according to a further feature of the present invention there is provided a meihod 

of inhibiting o.vido-squalene cyclase in a warm-blooded animal (such as man) requiring such ' 
ireaimeni. which method comprises ;idmini.sicring to said animal an effective amouni of a 



as 



compound of formula 1 (as herein defined), or a pharmaceuiically-acceptable sail thereof.. Ir 
" panicular, the present invention provides a method of inhibiting cholesterol bio.synihesis. an 
more panicularly to a method of ireatinc hypercholesterolemia and atheromatou.s vascular 
degeneration (such as atherosclerosis). 
5 Thus the present invention also provides the use of a compound of formula I (as 

herein defmed). or a pharmaceutical Jy-acceptable salt thereof, for the manufacture of a 
medicament for treating diseases or medical conditions in which a lov^-ering of the level of 
cholesterol in blood plasma is desirable (such as hypercholesterolemia and atherosclerosis). 

In particular, the compounds of the present invention are potentially useful in ' 
10 inhibiting cholesterol biosynthesis in man and hence in treating the above-mentioned medical 
conditions in man. 

When used in the treatment of diseases and medical conditions such as those 
mentioned above it is envisaged that a compound of formula 1 (or a pharmaceuiically 
acceptable salt thereoO ^vill be administered orally, intravenously, or by some other 
15 medically acceptable route so that a dose in the general range of. for example. 0.0) to 10 mg 
per kg body weight is received. However it will be understood that the precise dose 
administered will necessarily vary according to the nature and severity of the disease, 
the age and se.\ of the patient being treated and the route of administration. 

In general, the compounds of formula I (or a pharmaceutically-acceptable salt 
20 thereof) will usually be administered in the form of a pharmaceutical composition, that is 
together with a pharmaceutically acceptable diluent or carrier, and such a composition is 
provided as a funher feature of the present invention. 

A pharmaceutical composition of the present invention may be in a variety of 
dosage forms. For example, it may be in the form of tablets, capsules, solutions or 
25 suspensions for oral administration, in the form of a suppositor>' for rectal administration: in 
the form of a sterile solution or suspension for parenteral administration such as by 
intravenous or intramuscular injection. 

A composition may be obtained by conventional procedures using 
pharmaceutically acceptable diluents and carriers well known in the art. Tablets and capsules 
30 for oral administration may con\ eniently be formed with a coating, such as an enteric coaiini: 



{for example, one based on celJuIose acetate phihalaie). to minimise dissolution of the active 
ingredient of fornfiula I (or a pharmaceutically-acccptable salt thereoO in the stomach or to 
mask unpleasant taste. 

The compounds of the present invention may, if desired, be administered together 
5 with (or sequentially lo) one or more other pharmacological agents known to be useful in the 
treatment of cardiovascular disease, for example, together with agents such as HMG-CoA 
reductase inhibitors, bile acid sequesiranis. other hypocholesterolaemic agents such as 
fibraies, for example gemfibrozil, and drugs for the treatment of coronar\- heart disease. 

As inhibitors of oxido-squalene cyclase, the compounds of the present invention 
10 may also fmd utility as antifungal agents, and so the present invention also provides a method 
of inhibiting cholesterol biosynthesis in fungi. In panicular the present invention provides a 
method of treating fungal infections which comprises administration to a warm blooded 
animal, such as man. in need of such treatment an effective amount of a compound of formula 
I, or a pharmaceuiically acceptable salt thereof. When used in this way the compounds of the 
15 present invention may, in addition to the formulations mentioned above, be adapted for 
topical adminisu-ation and such a composition is provided as a further feature of the present 
invention. Such compositions may be in a variety of forms, for example creams or lotions. 

Selected compounds of the invention having utility as antifungal agents are 
compounds of the formula 1 wherein 
20 G' isCH, 
G- is CH or N 

R is as defined hereinbefore 
n is 1 or 2 

T is CH or N. when T is CH then X'Y' together are O or S. when T is N then X'Y' together 
15 are a bond, 

Ar' is a phenylenc ring, a pyridyl ring, or a 9- or 10-membered bicyclic heieroary l ring 
containing 1. 2, or 3 heiereoatoms selected from nitrogen, oxygen and sulphur, and may 
optionally bear one or more substituents selected from halogeno. nitro, cyano, (1-6C) alkyi, 
(l-6C)aikylihio. halogeno(l-6C)alkyl, halogeno(l-6C)alkylthio. lialogeno(l-6C)aIkdxy, (1- 
0 6C)alkoxycarbony]. 



Q is selected from hydrogen and a group of formula L'X'L'Z in which L' is a bond or ( I- 
4C)alkylene. L' is a bond or (I -4C)alkylene. is a bond. NR\ O or S. in which is 
hydrogen or ( 1-4)C aikyi; and 

Z is selected from phenyl, and a monocyclic heterocyclic moiety coniainino L2.3 or 4 
5 heieroaioms selected from nitrogen, oxygen and sulphur, and may optionally bear one or more 
subsiiiuenis selected from halogeno, niiro, cyano. (I-6C) alkyi, ( I -6C)alkylihio, halogenod- 
6C)alkyl. halogcno( 1 -6C)aIkylthio, halogeno(l-6C)alkoxy, {l-6C)aIkoxycarbonyl; 

Funher selected antifungal compounds are as above and wherein Ar* is a phenylene 
ring, a 2-pyridy] ring, a ben2thiazol-2yl ring, a 2-quinoyloxy ring, a benzoxazolyl ring, a ' 
1 0 ihiazolopyndin-2yl ring, or a quinoxalinyloxy ring. Funher selected antifungal compounds 
are as above and wherein R is hydrogen, halogeno or ( 1 .4C)alkyI. Funher selected antifungal 
compounds are as above and wherein the subsiiiuent Q on Ar* is in the 4-posiiion. Funher 
selected antifungal compounds are as above and wherein the subsiiiuent(s) on Ar* and/or 2 
are independently selected from methyl, methylthio, cyano, nitro. trifluoromethyi. 
15 irifluoromeihoxy. irifluoromethylihio. chlorine, bromine, fluorine and meihoxycarbonyl. 

In a funher aspect of the invention we claim the use of a compound as defined above 
as an antifungal agent. We also claim a method for inhibiting cholesterol biosynthesis in 
fungi which comprises the use of a compound as defined above. 

In a funher aspect of the invention wc claim a pharmaceutical composition comprising 
20 one or more compounds as defined above for use in the treatment of fungal infections of the 
human or animal body. 

The antifungal activity of the compounds of the invention may be determined in vitro 
in standard agar dilution tests and disc-diffusion tests and minimum inhibitory concentrations 
are obtained. Standard in vivo tests in mice are used to determine the effective dose of the test 
!5 compounds in controlling systemic fungal infections. 

By way of example the following test protocols may be used: 
Primarx' in-vitro .Screen 

Compounds are formulated in DMSO ai 2560 ^g/ml and diluted to four-times the top 
lesi concentration in a synthetic medium RPMl-1640. Serial 2-fold dilutions are prepared in 
0 niicrotiire plates nnd an equal volume of the inoculum added/ Compounds are tested auainsi 
1 1 fungal spccies-sirains including Candida spp.. Crypiococcus ncoformans, Sacchnromyces 
cerevisiae. Aspergillus fumiualus and Trichophyton quinckcanum. The plaies arc incubated ai 



30'C. read by eye at 24h and then at 48h. MICs and ICjpS are determined from visual and 
niultisca'n (540nm) readings respectively. *^ 



Primary in-vivo screen 

5 Mice are inoculated intravenously with a lethal challenge of Candida albicans. Groups 

of 4 mice are dosed with test compound at 0. 5 and 24h after infection. The health of the mice 
is monitored for 72h at which point the test is terminated. Untreated mice would be expected 
to die or be culled within 24h of infection. Activity is determined by increased survival of the 
treated group over that of control animals. 

10 

The invention will now be illustrated in the following Examples in which, unless 
otherwise stated :- 

(i) evaporations were carried out by rotary evaporation in vacuo and work-up 
procedures were carried out after removal of residual solids by filtration; 
15 (ii) operations were carried out at room temperature, that is in the range 18-25'=*C and 

under an atmosphere of an inen gas such as argon; 

(iii) column chromatography (by the flash procedure) and medium pressure liquid 
chromatography (MPLC) were generally performed on Merck Kieselgel silica (Art. 9385) or 
Merck Lichroprep RP-18 (Art. 9303) reversed-phase silica obtained from E. Merck, 

20 Darmstadt, Germany: alternatively high pressure liquid chromatography (HPLC) was 
performed on a Dynamax C-18 60A preparative reversed-phasc column: 

(iv) yields are given for illustration only and. are not necessarily the maximum 
attainable; 

(v) the structures of the end-products of the formula I were confirmed by nuclear 
25 magnetic resonance (K'MR) and mass spectral techniques; unless otherwise stated, 

CDjSOCDj solutions of the end-products of the formula I were used for the determination of 
NMR spectral data, chemical shift values were measured on the delta scale: the following 
abbreviations have been used; s. singlet; d. doublet; t, triplet; q, quartet; m. multiples; 

(vi) intermediates were not generally fully characterised and purity was assessed by 
0 thin layer chromatographic, infra-red (IR) or NMR analysis; 

(vii) melting points were determined using a Mcttler SP62 automatic melting point 
apparatus or an oil-hath apparatus: melting points for the end-products of the formula I were 
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generally determined after cr>'SiaIlisauon from a convemional organic solveni such as eihanol. 
methanol, acetone, eiher or hexane, alone or in admixure; and 

(viii) the following abbreviations have been used:- 

DMF N.N -dimeihvlform amide: THF teirahydrofuran: 

DMSO dimeihylsulphoxide; El,N irieihylamine; 

CHjClj dichloromeihane; Na,SO, sodium sulphate (anhydrous); 

K,COi poiassiiim carbonate; NaOH sodium hydroxide: 

MeOH methanol; NH4OH ammonium hydroxide; 

EtOAc ethyl acetate; 'PrNH^ isopropylamine; 

Et,0 diethyl ether; MTBE methyl t-butyl ether: 



'Column chromatography' refers to separation of components of a mixture by passace.of a 
solution through a sinter filled with silica gel (230-400 mesh, E Merck, Darmstadt. Germany), 
with suction applied from beneath. 
1 5 The starting materials are described below or are known materials. Many of the 

starting materials are commercially available. The following lists some of the commercially 
available staninc materials: 



Compound 
20 4-chIoropyndine hydrochloride 

3- hydroxypyrTolidine 
(3R)-3-hydroxypyrrolidine 

4- hydroxypiperidine 
2-bromo-5-irifluofomethyIpyridine 

25 2-bromo-5-nitropyridine 
2,5-dichloropyridine 
2.5-dibromopyridine 
2-bromo-5-niethyl pyridine 
methyl 6-chloronicoiinaic 

30 2-chloro-5-cyanopyridine 

2-chloro-3-nitro-4-mei]iy!pyridinc 
2.3-dichloropyridinc 



Supplier 

Aldrich 

Aldrich 

Fluorochem 

Aldrich 

Fluorochem 

Aldrich 

Aldrich 

Aldrich 

Aldrich 

Lancaster 

Avocado 

Aldrich 

Aldrich 
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2-bromo-5-niiropyridine Aldrich 
2-chloroquinoIine Aldrich 
I -(4-pyridyI)piperazine Emkachem 
2,3-dichloro-5-irifluoromethylpyridine Aldrich 
5 2,3,5-lrichloropyridine Fluka 

4-niirobromoben2ene Aldrich 

4-chlorophenol Aldrich 

4.(irifluoromeihyloxy)phenoi Fluorochem 

4-methYlmercapiophenol Aldrich 

10 4-irifluoromeihylmercapiophenol Fluorochem 

4-irifluoromeihylphenol Janssen 

4-bromophcnol Aldrich 
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Example 1 '.' O >• ■ - . /. 

A solution of 4-ioluenesuIphonyJ chloride (0.38g) in dichioromeihane (25ml) was 
added dropwise lo a stirred solution of I-(4-aminomethylphcnyl)-4-(4-pyridyl)pipera2ine 
C536mg) in dichloromethane (50ml) containing triethylamine (0.5ml). The reaction mixture 
5 was stirred at ambient temperature overnight. The mixture wa.«; washed with aqueous sodium 
carbonate solution, water, brine, dried (MgS04) and evaporated. The residue was 
recrysiallised from methanol to give 1 -(4-pyridyl)-4-(4-ioluenesulphonamidomethyl- 
phenyOpiperazine (0.36g) as a solid, m.p. 196-198 OC; microanalysis, found: C, 65.2: H.6.2; 
.N,13.2%; C23H26N4O2S requires: C.65.4; H,6.2; N.13.3%: NMR: 2.3 7(s, 3H), 3.15-3.3(m, 
10 4H). 3.4-3. 55(m. 4H), 3.81-3.88(d. 2H), 6.8-6.93(dd. 4H). 7.03-7.15 (d, 2H), 7.32-7.4(d, 2H), 
7.6-7. 7{d. 2H). 7.8-7.95(t. 1 H). 8. l-8.2(d. 2H); MS: m/z 423 (MH)*. 

The l-(4-aminomethyIphcnyl)-4-(4-pyridyl)pipera2ine used as sianinc material was 

prepared as follows: 

. A solution of N-(4-pyridy!)piperazine (9.78g), 4-nuoroben2oniirile (7.26g) and 
15 powdered poiassium carbonaie(l Og) was stirred at 100 in DMSO (100ml) overnight. The 
solution was poured into water (500ml) to give a precipitate which was filtered and washed 
with water. The crude solid was dried in a vacuum oven overnight then dissolved in 
dichloromethane and purified by fiash chromatography on alumina (ICN Alumina N 32-63) 
using an increasing concentration of ethyl acetate in dichloromethane (up to 100% ethyl 
20 acetate) as eluam. This gave a solid which was recrysiallised from a mixture of ethyl 
aceiatc'isohexane to give 1 -(4-cyanophenyl)-4-(4.pyridyl)pipera2ine {7.5c) as^ solid, 
m.p. 157-158 OC; microanalysis, found: CJ2.7; H,6.I ; N.21.0%; C16H16N4 requires: C,72.7; 
H.6:i ; R21.2%; NMR: 3.45-3.55(bs, 8H), 6.8-6.9(d, 2H), 7.0-7. l(d, 2H). 7.55.7.65(d, 2H), 
8. 1 -8.2(d, 2H); MS: m/z 265 (MH)". 
25 A solution of 1 -{4-cyanophcnyI).4-(4-pyridyl)piperazine ( 1 .8g) in eihanol saturated 

with ammonia gas (150ml) was hydrogenated at 150 atmospheres and 100 (using Raney 
Nickel as catalyst) in a high pressure hydrogenaiion apparatus for 18 hours. The solution was 
filtered through diaiomaceous earth and the filtrate evaporated to give a solid which was 
purified by fiash chromatography on alumina (ICN Alumina N 32-63) using a mixture of 95:5 
30 dichloromethane:methanol as eluant. The residue was recrysiallised from 

leirahydrofuran/isohexane 10 ui\ c I -(4-aminomclhylphenyl)-4-(4-pyridv|)pipcra2inc (1.3u) 

32. 



m.p. 1 68- ] 70 OC: microanalysis, found: C.7 1 .5:H.7.6;N.20.5%: C i eHoQN^ requires; C.7 1 .6 
H,7.5: N.20.9%: NMR: 3.2-3.4(m.4H), 3.4-3.6(m.4H). 3.65(s.2H). 6.8-6.9(d.2H). 6.9- ' 
7.0(d.2H). 7.15-7.25(d,2H). 8. 1 5-8.25(d.2H): MS: m/z 269 (MH)'. 

5 Example 2 

4-Toluenesulphonyl chloride (95mB) was added to a solution of I -(4-aminopheny|)-4- 
(4-pyridyl)pipera2ine (127mB) in dichioromethane (25mi) and the mixture was stirred at 
ambient temperature for 16 hours. The resulting precipitate was collected by filtration and 
washed with dichioromethane. There was thus obtained l-(4-pyridyl)-4-(4- 
10 methylsulphonajnido)phenyl]piperazine hydrochloride as a grey solid (I60mg). mp. 293- 
294OC: microanalysis, found: C.59.4; H.5.7; N.I 2.6: C22H24N4O2S.HCI requires: C.59.1: 
H.5.8;N.I2.6: NMR: 2.35(s.3H), 3.24(t.4H). 3.81(t.4H). 6.84fd.2H). 6.96(d,2H). 7.24(d.2H) 
7.33(d.2H), 7.58(d.2HX 8.26(d,2H), 9.78(sJH). 13.45(broad.lH); MS: ni-z 409 (.MH)*. 

15 Example ^ 

4-ChlorostyrylsulphonyI chloride (1 1 8mg) in dichioromethane {5ml) was added to a 
solution of ]-(4-aminophenyl)-4-(4-pyridyl)pipera2ine (I27mg) in dichioromethane (5ml) and 
stirred at ambient temperature for 2 hours. The resulting precipitate was collected by filtration, 
washed with dichioromethane then triturated with 10% methanol in dichioromethane. There 
20 was thus obtained (E)- 1 -(4-pyridyl)-4-(4-chIorostyryIsulphonamido)pipera2ine hydrochloride 
as a yellow solid (77mg). mp. 285-2870C; microanalysis, found: C.55.3: H.4.(y. N.II.l: 
C23H23CIN4O2S. HCI. '/JH2O requires: C.55.I: H.4.8: N,l ].2: NMR: 3.24(m.4H). 
3.81(m,4H), 6.92(d.2H). 7.1 l(d,2H). 7.20(d,lH). 7.23(d,2H). 7.33(dJH). 7.46(d.2H). 
7.71 (d.2H). 8.24(d,2H). 9.65(sJH). l3.25Cbroad.lH); MS: m/z 455 (MHT. 

25 

Example 4 

4-Dimethylamino-pyridine (30mg) and 4-bromophenylsulphon> ! chloride (260nic) 
was added to a solution of 1 -(4-aminomethylphenyl)-4-(4-pyridyl)pipera2ine (268my) in 
pyridinc(5ml). The solution was heated on a steam bath for three hours. The solution wa.s 
30 cooled 10 ambient temperature and evaporated. Water (1 00ml) was added to the residue :i,id : 
the .solution acidified 10 pH 1 by addition of concentrated hydrochloric ndd. The aqucou.s 
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solution was washed with ether (2x 100ml) and then basif.ed by addition of aqueous ammonia. 
The mixture was extracted with methylene chloride and the methylene chloride extracts were 
washed w,ih water, brine, dried (MgSO,) and evaporated. The residue was rccrA'stalli.scd from 
a mixture of ethyl acetaie/tetrahydrofuran/isohexane to give ) -(4-pyridyl)-4-('4- 
5 bromophenylsulphonamidomethyl-phenyi)pipera2ine ( 1 55mg.) as a solid m.p. 1 80- 1 82"C 
microanalysis, found: C.54.4; H, 4.8: NJ 1.3%; Cj,H,3BrN,OjS requires: C.54.2; H,4.7; 
NJ 1.5%; NMR: 3. i 5-3.3(m.4H). 3.4-3.55(m.4H). 3.85-3.95(d,2H). 6.8-6.9(bm.4H), 7.0- 
7.l{d.2H). 7.6-7.8(q.4H). 8.05-8. 15(t,2H). 8.1 8-8.25(bd.l H); MS: m/z 487 (MH)'. 

10 Example ^ 

4-CyanophenyisulphonYl chloride (202mg) was added to a solution of ]-(4- 
aminomethylphenyl)-4-(4-pyridyl)pipera2ine (268mg) in pyridine (20ml). The mixture was 
heated on a steam bath for three hours. The solvents were remoyed by evaporaiion and water 
(100ml) added to give a precipitate which was extracted into ethyl acetate (2x1 00ml). The 
1 5 ethyl acetate extracts were combined, washed with water, brine, dried (MgSOj - 10% 

methanol/methylene chloride as eluent lo give a solid which was recrystaliised from a mixture 
of tetrahydrofuran/methanol/isohexane lo give 1 -(4-pyridyl)-4-(4- 

cyanophenylsulphonamidomethyl-phenyOpiperazine (52mc) as a solid m.p.229-230''C; 
microanalysis found: C.62.8; H,5.6; NJ5.7Vo; C,3H,3N5O,S.0.25H,O requires: C.62.4; H.5.4; 
20 N,15.8%; NMR: 3. 1 5-3.3(m.4H). 3.4-3. 55(m,4H), 3.85-4.0(d.2H), 6.8-6.9(dd,4H), 7.0- 
7.](d,2H). 7.8-7.9(d.2H). 7.95-8.05(d.2H), 8. 1 8-8.25(d.2H). 8.25-8.4(bl,l H): MS: m/z 434 
(MH)* 



Example 6 

25 4-Meihoxybenzenesulphonyl chloride (0.25g) was dissolved in dry teirahydrofuran 

(2.0ml) and treated with a warm solution of 1 -(4-aminomethylphenyl)-4-(4-pyridyl)piperazine 
(0.27g) in tetrahx drofuran (8.0ml) and trieihylamine (0.2ml) in one portion. The reaction 
mixture was stirred overnight and then quenched by concentrating the reaction solution lo a 
volume of Iml followed by the addition of IM solution of aq.NaHCOj (8ml). The mixture 

30 was stirred for 2 hours. The resulting precipitate was collected by filtration, uashed xviih 
water and dried lo give l-(4-pyridyl)-4-(4-mcihoxyphenylsulphonamidomethyi- 
phenyiipipcrazine (0.29^; ) as a solid m.p. 2 1 2-21 3" C: microanalysis found C.62.9: 11.5. 9; 



N.I2.6%: C^jHj^N^OjS requires C.63.0: H,5.98; NJ2.8%: NMR: 3.23(l.4H). 3.47(t.4H). 
3.82(s.3'H), 3.89(d.2H), 6.88(d,4H), 7.07(m.4H).7.71(dd,2H). 7.79(tJH). 8.18(bs.2H): MS: 
m/z459(MH)\ 

5 Example 7 

A solution of 4-bromophenyI isocyanaie (198mc) in leirahydrofuran was added 
dropwise to a solution of J -(4-aminomelhylphenylM-(4-pyridyl)pipera2ine (268mg) in 
leirahydrofuran (50ml). When the addition was complete, the solution was stirred ai ambient 
temperature overnight. The precipitate was collected by filtration, filtered, washed with ether 
10 and recrv'staliised from methanol to give 1 -(4-pyridyl)-4-(4-bromophenylureidomethyI- 
phenyOpiperazine (185mg) as a solid, m.p. 258-260''C: microanalysis found: C59.] ; H,5.3; 
N.I 4.8%: C^jH^.BrNjO requires: C59.2: H,5.2: N.15.0%; NMR: 3. 1 5-3.3fm,4H). 3.4, 
3.55(m,4H),4.]5-4.25(d,2H).6.45-6.55(t.lH). 6.8-6.9(d.2H). 6.9-7.0 (d.2H). 7.1 5-7.25Cd.2H). 
7.38(s.4H), 8. ] 8-8.25(d,2H). 8.6(bs. 1 H); MS: m/z 466 ^MH)^ 

15 

Example fi 

A solution of 4-cyanophenyl isocyanate (144mg) in letrahydrofuran was added 
dropwise to a solution of l-(4-aminomethylphenyl)-4-(4-pyridyl)pipera2ine (268mg) in 
leirahydrofuran (50ml). When the addition was complete, the solution was stirred at ambient 
20 temperature overnight. The precipitate was collected by filtration, washed with ether and 
recrysiallised from a mixture of letrahydrofuran/methanol/isohe.Nane to give l-(4-pyridyl)-4- 
(4-cyanophenylureidomeihy]-phenyl)pipera2ine (52mc) as a solid, m.p. 254-255"C; 
microanalysis, found: C.69.5; H,6.0; N.20.1%: C,,H„N,0 requires: C,69.9; H,5.9: N.20.4%: 
NMR: 3.15-3.3(m,4H), 3.4-3.55(m,4H). 4.1 5-4.25(d,2H). 6.65-6.75(t.l H). 6.80-6.90(d.2H). 
25 6.90-7.00(d,2H). 7.15-7.25(d,2H), 7.50-.70(q,4H). 8.I8.8.25(d.2H). 9.0(bs.lH); MS: m/z 4] 3 
(MH)*. 

Example 9 

A solution of 4-bromobenzoyl chloride (240mi:) in dichloromethane ( 1 0ml) was added 
30 dropwise to a stirred solution of ) -(4-aminome,hylphcny|)-4-(4-pyridy|)piperazine (268mg) .n 
dichloromethane (50ml) containing iriethylnmine (0.5ml). The resulting .solution was .stirred nt 
ambient temperature for three hours. The solution wa.s poured into water and the solid which 

35 



precipiiaied was collected by fihraiion and washed wiih water, acetone and recn-siallised from 
methanol to give I •(4-pyridyl)-4-(4-bromobcnzoylamido-methylphenyl)pipera2ine (250mB) 
as a solid, microanalysis, found: C.6j.3; H.5.2; NJ 1.9%; CzsHjjBrNjO requires: C.61.2; 
H.5.14: N'.I2.4%: NMR: 3. 1 5-3.3(m,4H). 3.4-3.55(m.4H). 4.35-4.45(d.2H,). 6.8- 
5 6.93(bm.2H). 6.90-7.00(d,2H). 7. l5-7.25(d,2H). 7.6-7.7(d.2H). 7.75-7.85(d.2H). 8.10- 
8.25(b.2H), 8.90-9.00(btJH); MS:m/2 451 (MH^. 

E,\ample 10 

A solution of meihanesulphonyl chloride (0.155ml) in dichloromethane ( 1 Oml) \vas 
10 added dropwise to a stirred solution of 1 -(4-aminomethylphenyl)-4-(4-pyridyI)pipera2ine 
(536mc) in dichloromethane (50ml) containing triethylamine (0.5ml). The resulting solution 
was stirred at ambient temperature for 7 hours. The solution was evaporated and the residue 
was extracted with ethyl acetate. The ethyl acetate e.xtracis were washed with water, sodium 
bicarbonate solution, brine, dried (MgSO^) and evaporated. The solid residue was 
15 recrystallised from methanol to give 1 -(4-pyridyl)-4-(methancsulphonamido- 

methylphenyOpiperazine (356mg) as a solid. m.p.236-238°C; microanalysis found: C.59.3; 
H,6.4; K.16.2%; CnHj^N^OjS requires: C,58.8; H,6.4; NJ6.2%; NMR: 2.8(s.3H). 3.15- 
3.3(m,4H), 3.4-3. 55(m,4H), 4.00-4. 1 0(d.2H.). 6.80-6.90(d.2H). 6.90-7.00(d.2H). 7.15- 
7.25(d.2H), 7.3-7.5(t.lH). 8.20(d.lH); MS: m/z31 1 (MH)*. 

20 

ENampjg 1 1 

Sodium hydride (55mc) (50% dispersion in oil) was added to a stirred solution of 1 -(4- 
pyridyl)-4-(4.toluenesulphonamidomethyl-phenyl)piperazine (422mg) in dimethyl formamidc 
(20ml) under argon. The solution was stirred at TO-SO^C for 1 hour. 

25 The solution was cooled to ambient temperature and a solution of methyl iodide (150mg) in 
dimethyl formamide ( 1 ml) was added dropwise. When the addition was complete, the 
solution was stirred at ambient temperature for 4 hours. Water (120ml) was added and the 
solution extracted with hot ethyl acetate (2x1 00ml). The combined extracts were washed with 
water, brine, dried (MgSOj) and evaporated. A solid residue was recrystallised from a 

30 mixture of ethyl acetaie/isohexane to give 1 -(4-pyridyl)-4-(4- 

toluenesulphonamethylamidomethyl-phenyDpiperazine (65mg) as a solid. 

m.p. IS."-1S5''C: microanalysis, found: C.65.7: 1-1.6.5: N.12.3%: QjHj^N^O^S requires: 

3(0 



C.66.0; H.6.46; N,12.8%: KMR: 2.43(s.3H). 3.2-3. 35(m.4H). 3.4-3.55(m.4H). 

4.0(s.2H), 6.9-7.0(d.2H), 7. l-7.2(d,2H). 7.4-7.5(d.2H), 7.7-7.8(d.2H); MS: m/zA^l (MHf. 

Example 12 

5 Trielhylamine (0.43ml) was added to a stirred suspension of I -(4-anilinocarboxy)-4- 

(4-pyridyl)pipera2ine hydrochloride (356mg) in dry DMF (4ml). .After Ihour, 
4-meihylbenzenesulphdnylchloride (210mg) was added and siirrina coniinued for 16 hours. 
The reaciion mixture was diluted with dichloromeihane (25ml) and washed with water (2 x 
7ml), saturated brine (7ml). dried (MgS04) and evaporated. The resulting oil, was purified b 
10 flash chromatography on silica gel using an increasing polar mixture of 2 to 10% v/v 
methanol in dichloromethane as eluant to give l-(4-pyridyl)-4-{4-toluenesulphonamido- 
benzovDpipcrazine (94mc). as a solid, m.p. 139-1 4 1°C: microanalysis, found: C. 61.5; H. 5.9; 
N, 12.4%; C23H24N4O3S.O.5H2O requires: C61.9; H,5.6: N.'l 2.6%: NMR: 2.34(3H.s). 
3.40(4H.m), 3.57(4H,m). 6.80(2H,d). 7.14(2H.d), 7.33(4H.m). 7.70C2H.d), 8.18(2H.d). 
15 1 0.55(1 H,bs); MS: m/z 437 (MH)-^. 

The !-(4-anilinocarboxy)-4-(4-pyridyJ)piperazine hydrochloride used as staning 
material was prepared as follows: 

1 0% w/w Palladium on charcoal (200mg) was added 10 a solution of 1 -(4- 
nitrobenzenecarboxy)-4-{4-pyridy])pipera2ine (936mg) in a mixture of dichloromethane 
20 (25ml) and methanol (lOmI) containing 4.55M hydrogen chloride in dn ether (1.3ml). The 
mixture was hydrogenated at ambient temperature and pressure until the theoretical amount of 
hydrogen had been taken up. The mixture was filtered through diatomaceous earth and the 
filtrate evaporated. Trituration of the resulting solid with ether gave 1 -(4-anilinocarboxy)-4- 
(4-pyridyl)piperazine dihydrochloride (980mg) as a pale yellow solid, m.p. >350''C; 
25 microanalysis, found: C,54.]; H,5.8. N.l 5.7%; C 1 , 8N4O.2HCI requires: C,54. 1 ; H.5.7; 
N.15.8%; NMR: 3.67(4H,m). 3.78(4H.m), 3.3 to 4.5 (b), 6.97(2H.d), 7.19(2H.d), 7.37(2H,d). 
8.29(2H.d); MS: m/z283 (MH)*. 

Exnmpic 13 

30 To a stirred cooled (0°C) solution of 4-(naphihalenc-2-sulphon> Dbenzoic acid 

(312mg) in DMF (4m!V un.-; added 1 . l -carbonyldiimidazole ( 1 62mt;. The mixture was 



3^ 



^ siirred at 0"C for 30 minutes and then N-(4-pyridyl)piperazine ( ICSmg) >vas ad^cd. The 
cooling bath was removed and the mixture was stirred at room temperature overnight. The 
solvent was removed by evaporation under high vacuum. The residue was dissolved in a 
mixture of ethyl acetate and water. The eihyl acetate extract was dried (McSOj and 
5 evaporated to give a solid residue (1 70mg). which was recr^'slallised from a mixture of 
methanol, ethyl acetate and isohexane to afford l-(4-pyridyl)-4-(4-naphthalene-2- 
sulphonyl)benzoyl)piperazine (124mg; as white needles. NMR: 3.25-3.5(m.6H); 3.6- 
3.9(m,2H); 6.8(d.2H); 7.7(d.2H): 7.77(dd,lH): 7.95(dd,lH); 8.05-8.25(m.8H); 8.77fd.lH); 
microanalysis: found C,63.5: H,5.5: N,8.5%; C,6Hj3N303S.2H,0 requires C.63.5: H.5.5: ' 
10 N.8.6; MS:m/2 457(MH)*. 

The 4.(naphthalene-2-sulphonyl)-ben2oic acid used as starting material was prepared 
as follows: 

4-(NaphthaIene-2-sulphonyl)ben2aldehyde (0.97g) was suspended in water (23mi ) 
containing cetyltrimethylammonium bromide (58mg). The mixture was stirred and heated to 
15 60°C. and potassium permanganate (0.95g) was added in small ponions over 1 hour. Heating 
was continued for a funher 2 hours. The mixture was cooled to room temperature and was 
acidified with 2M hydrochloric acid. EthyJ acetate was added to the stirred mixture, which 
was filtered through a pad of celiie. The ethyl acetate layer was washed with brine, dried 
(MgSOj). and evaporated to afford 4-(naphthalene-2-sulphonyl)benzoic acid (0.42g) as solid 
20 residue; NMR: 7.7(ddJH); 7.95(ddJH): 8. l-8.2(m.SH); 8.7(d,lH); microanalysis, found: 
C,58.6: H.3.9%: C,7H,20,S.2H;0 requires: C,58.6: H.4.6%; MS: m/2 312fMH)'. 

Example 14 

Carbonyl diimidazole (340mg) was added to a solution of 4.benzoylben2oic acid 
25 (440mc) in dimethylformamide (10ml). After stirring at ambient temperature for 45 minutes. 
N-(4-pyridyl)piperazine (326mg) was added as a solid, in one ponion and stirring continued at 
ambient temperature overnight. The reaction mixture was poured into water (50ml) and 
extracted with ethyl acetate (3 x 20ml). The extracts were combined, washed with uatcr. 
brine, dried (MgSOJ and evaporated to give a solid which was purified by recrystallisaiion 
30 from a mixture of ethyl acetate, methanol and he.xanc ( 1 0/3/9) to yive l-(4-pyridyl)-4-(4- 
benzoyl-bcnzoyOpiperazine a.s pale yellow crystals (fi60mg). m.p. 153-I5-I°C, microanalysis. 



3*3 



found: C74.5; H.5.6; N,n.3%; C,3H,,N30, requires: C.74.4; H. 5.7; N. I |.5o/„. ^mR: 3.3- 
3.9(m.8k). 6.9(d.2H), 7.5-7.9(m.9H), S.2(d,2H); MS: m/z 372 (MH)*. 



Example 15 

5 To a solution of 4-phenoxybenzaIdehyde (198mg) in dichloromethane (20mIX N-(4- 

pyridyl)pipera2ine (163mg) and acetic acid (240mg) were added. The mixture was stirred at 
ambient temperature fOr 30 mins. and then sodium triacetoxyborohydride (3 1 8mg) was added 
in one portion. Stirring was continued at ambient temperature overnight. The reaction 
mixture was poured into IM hydrochloric acid (50ml) and washed with ethyl acetate r50rnl). 
1 0 The aqueous layer was made basic with 2M sodium hydroxide solution and extracted with 
dichloromethane (2 x 25ml). The combined extracts were washed with water, dried (MgSOj 
and evaporated to give a while solid which was purified by chromatography on silica gel 
(Mega Bond Elui column) using an increasing concentration of methanol in dichloromethane 
(up to 4% methanol) as eJuant to give l-(4-pyridyl)-4-(4-phenoxy-phenyl)pipera2ine (168mg) 
15 as a solid: microanalysis, found: C,76.5; H,6.6; NJl.9%; C.^HjjNjO requires: C,76.5;.H.6.7; 
NJ2.2%: NMR: 3.2-3.45(m,8H); 3.5(s,2H): 6.8(d.2H): 6.9-7.05(m,4H): 7. 1 -7.2(mJ H); 7.25- 
7.45(m.4H); 8.1(d,2H); MS: m/z 345 (MH)*. 

Example 16 

20 A solution of N-(4-pyridyl)piperazine (0.33g) in dry dimethylformamide (1 5ml) was 

treated with sodium hydride (O.I4g) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 45 minutes at ambient temperature under argon. 4-Bromoben2yl bromide 
(0.58g) was added and the mixture heated slowly to 60°C and then maintained at this 
temperature for 2 hours. The resulting mixture was then poured into water, basified with 
25 aq.NaHCOj solution and then extracted with diethyl ether. The organic extracts were then 
washed with aq.NaHCOj. water, brine, dried (Na,SO,) and evaporated. The residue was 
recrystallised from acetonitrile to give I -(4-pyridyl)-4-(4-bromoben2yl)piperazine (0.2g) as a ; 
solid, m.p. l40-i4rC; microanalysis, found: C 55.3; H. 5.2; N, 12.0%; C„H,sN,Br requires: 
55.4; H, 5.7; N. 12.1%; NMR: (CDCI3) 2.54(t.4H): 3.32(t.4H); 3.51(s.2H); 6.66(d.2H): 
30 7.23(d.21l); 7.46(d.2H): 8.29(d.2H); MS: m/z 332 (MH)' . 



Examnlc 17 

A solution of N-(4-pyridyl)pipera2ine (0.33g) in dr>' dimeihylformamide (15ml) was 
treated with sodium hydride (0. Mg) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 30 minutes at ambient temperature under argon. 4-Cyanobenzyl bromide 
5 (0.4 Ig) was added and the mixture heated slowly to 80»C and then maintained at this 
temperature for 2 hours. The resulting mixture was then poured into v^-ater. basified with 
aq.NaHCOj solution and then extracted with diethyl ether. The organic extracts were then 
washed with aq.NaHCOj. water, brine, dried (MgS04) and evaporated. The residue was 
recrystallised from toluene/hexane to give 1 -(4-pyridy|)-4-(4-cyanoben2yl)piperazine 
10 (0.08g)asasolid, m.p. 1 37- 1 38°C; microanalysis, found: C.73.3; H. 6.5; N. 1 9 8%; CH.gN^ 
requires: C. 73.4; H, 6.5; N,20.1%; NMR: (CDCJj) 2.56(l.4H); 3.35(t,4H); 3.6Us.2H); 
6.67(dd.2H); 7.49(d.2H); 7.63(d.2H); 8.28(dd.2H); MS: m/z 279(MH)*. 

Example 18 

15 A solution of N-(4-pyridyl)pipera2ine (0.33g) in dry dimethylformamide ( 1 5ml) was 

treated with sodium hydride (0.1 4g) (45-55% dispersion in oil). The reaction mixture was 
then stirred for 30 minutes at ambient temperature under argon. A solution of 2-fluoro-4- 
bromobenzyl bromide (2.6ml) (20% w/v in dichlorobenzene) was added and the mixture was 
heated slowly to 70°C and then maintained at this temperature for 24 hours. The resulting 
20 mixture was then poured into water and then extracted with diethyl ether. The organic 
extracts were then washed with aq.NaHCOj, water, brine, dried (Na^SOJ and evaporated. 
The residue was then purified by flash chromatography on alumina (ICN Alumina N 32-63) 
using an increasing concentration of ethyl acetate in isohexane (50 - 100% ethyl acetate) and 
then up to 10% methanol in ethyl acetate as eluent to give after recrystallisation 1 -(4-pyridyl)- 
25 4-(2-fluoro.4.bromobenzyl)piperazine (0.08g) as a solid, m.p. 77-78''C; microanalysis, found: 
C,54.4; H, 4.8: N, 1 1.1%; C.^HnNjFBr requires: C. 54.9; H. 4.9; N, 12.0%: NMR: 
3.28(s,8H), 3.54(s.2H); 6.79(d,2H); 7.41(d.2H): 7.52fd,lH); 8.13(d,2H): MS: m/z 350 (MH)\ 

Example 19 

30 Using an analogous procedure lo ihat described in Example 16. but usinu 3.4- 

dichlorobenzylbromide as siariiny maicrial was prepared 1 -pyridYl-4-(3.4- 
dichlorobenzyOpiperazine (43% yield), microanalysis, found: C,59.3: H. 5.4: N. 12.73%: 



UO 



■ Hi I i ll I III II I III III I I 



Cl6Hi7Cl2'^3 requires C. 59.6; H, 5.3; N. 13.0%; NMR: 2.4-2.45 (ni.4H), 3.3-3.45 (m.4H). 
3.55 (S.5H), 6.6 (d,2H). 7.3-7.4 (dd.IH), 7.55-7.65 (m,2H), 8.15 Cd,2H): MS m/2-322 (lVf^^)^ 



Exnmplc 2fl 

5 Using an analogous procedure to that described in Example 1 6. but using 4- 

nitrobenzylbromide as starting material, was prepared 1 -pyridyI-4-(4-nitrobenzyl)piperazine 
(47% yield), NMR : 3.7 (s,2H), 6.8 (d,2H). 7.65 (d.2H), 8.15 (d,2H). 8.2 (d.2H): MS: m,z 299 
(MH)\ 

10 Exnmple 21 

l-(4-PyridyI)piperazine (9.78g) and l-bromo-4-nitroben2ene (6.67g) were stirred as a 
melt at 1200c for 1 hour. The mixture was cooled to ambient temperature and 5% methanol 
in dichloromethane (100ml) was added. The solid mass broken up by sonication and the 
mixture was stirred for 16 hours. The resulting solid was collected by filtration and purified 
1 5 by flash chromatography on silica gel using a gradient of 5- 1 5% methanol / 0. 1 % ammonia 
(SG. 0.88) in dichloromethane as eluant to give a product of sufficient purity to continue 
(6.35g) m.p. 225-2260C. 

A solution of this solid (l.Og) in concentrated hydrochloric acid (lOmI) was treated 
with granulated zinc (0.5g) and stirred at 1 IQOc for 2 hours. Water (50ml) was added to the 
20 mixture and unreacted zinc was removed by filtration. The product hydrochloride precipitated 
from the filtrate on cooling. This solid was collected, dissolved in 20% potassium hydroxide, 
extracted with dichloromethane (4x 25ml), washed with water, brine, dried (MgS04) and 
evaporated. There was thus obtained I-(4-aminophenyl)-4-(4-pyridyl)piperazine as a free 
base (0.88g). microanalysis, found: C.70.8; H,7. 1 ; N.22.0; C, sH, 8N4 requires: C.7 1 .0; 

25 H.7.3; N,22.0; NMR: 3.01{t.4H), 3.41(t.4H). 6.52(d.2H), 6.75(d.2H). 6.86(d.2H). 8.1 7(d.2H): 
MS: m/z255 (MH)*. 

Exnmplc 22 

A solution of l-(4-pyridyl)piperazine (0.49g) in dry dichloromeihane (20ml) and 
0 triethylamine (0.7mi) was treated slowly with a solution of 4-bromobenzoy| chloride f0.7g) in ; 
dry dichloromethane ( lOmI). The reaction mixture was then stirred under argon tor 2 hours. 



^ The dichloromethane solveni was removed by evaporation and the resid*ie dissolved in ethyl 
acetate. The organic extracts were then washed with aqueous sodium hydrogen carbonate 
solution, water, brine, dried (Na2S04) and evaporated to yield a colourless oil. The residual 
oil was then triturated with diethyl ether and recrystallised from ethyl acetate/isohexane to 

5 give l-(4-pyridyl)-4-(4-bromoben2oyl)piperazine (0.62g) as a solid, m.p. 1 28- 1 29 "C; 
microanalysis, found: C.55.7; H.4.7; N,12.0%; C.^H.iNjOBr requires: C.55.5; H,4.7; 
N,12.1%: NMR: (CDCI3) 3.36(s,4H). 3.73(s,4H). 6.67(dd.2H). 7.33Cdd.2H). 7.58fdd.2H). 
8.34(dd.2H); MS: m/z 346 (MH)*. 

10 F.xnmnle 2.1 

A solution of l-(4-pYridyI)pipera2ine (0.49g) in dry dichloromethane (20mr) and 
triethylamine {0.7m!) was treated slowly with a solution of 4-cyanoben2oy! chloride (O.SOg) 
in dry dichloromethane (30ml). The reaction mixture was then stirred under argon for 2 
hours. The dichloromethane solvent was removed by evaporation and the residue dissolved in 
1 5 ethyl acetate. The organic extracts were then washed with aqueous sodium hydrogen 

carbonate solution, water, brine, dried (NajSOj) and evaporated to give a colourless oil which 
was cr> stallised from ethyl acetate/isohexane to afford 1 -(4-pyridyl)-4-(4- 
cyanobenzoy])piperazine (0.25g) as a solid, m.p. 164-165 »C; microanalysis, found: C. 69.7; 
H.5.6; N.18.5%; CnH.jN.O requires: C,69.8; H.5.52; N,19.2%; NMR: (CDGI3) 3.38(bs.4H), 
20 3.75(bs.4H). 6.67Cdd,2H). 7.56(dd,2H). 7.76(dd,2H). 8.32(dd.2H); MS: m/z 293 (MH)". 

Example 24 

.A solution of 2-nuoro-4-bromoben2oic acid (0.24g) in dry dimeihylformamide ( 1 0ml) 
was treated with l-(3-dimethylaminopropyl)-3-ethylcarbodijmide hydrochloride (O.I7g) and 

!5 stirred for 30 minutes at ambient temperature under argon. A solution of l-(4- 

pyridyOpiperazine (1.6g) in dry dimeihylformamide (3ml) was added to the mixture and the 
mixture cooled to 50°C. The reaction was then allowed to warm to room temperature and 
stirred overnight. The solution was poured into water and then extracted into diethyl ether, 
washed with aqueous sodium hydrogen carbonate solution, water, brine, dried (Na,SOj) and 

0 evaporated to yield a colourless oil. This oil was then triturated with diethyl ether and 
recrystallised from ethyl acctate/isohe.xane to give l-(4-pyridyl)-4-(2-nuoro-4. 
bromobenzoyOpipcrazine (0.1 4g) as a solid, m.p. IZS-^e^C: inicroanal) si.s. found: C.52.6: 



H.4J: N.l K2%; C|ftH,5BrFN30 requires: C.52.8; 11,4.15; NJ 1.5%; NMR: (CDCI3) 
3l32ft.2H). 3.46(t.4H), 3.94(i.2H), 6.68fdd,2H). 7.29-7.43(mJH), S.33(d,2H); MS: m/z 364 
(MH)\ 



5 Example 25 

A solution of l-(4-pyridyl)piperazine (0.49g) and iricthylamine (0.7ml) in dry 
dickloromeihane (20ml) was treated slowly with a solution of 4-bromophenylsuIphonyl 
chloride (0.77g) in dry dichloromeihane (10ml). The reaction mixture was then stirred under 
argon for 2 hours. The dichloromeihane solvent was removed by evaporation and the residue 

10 dissolved in ethyl acetate. The organic extracts were washed with water, brine, dried 

(MgSOj) and evaporated to yield a while crystalline solid which was recrystallised from ethyl 
acetate to give i -(4-pyridyl)-4-(4-bromophenyisulphonyl)pipera2ine (0.84g) as a solid; m.p. 
199-200 X : microanalysis, found; C.47.3; H,4.1; N,10.9%; O|3H|^BrN30-iS requires: C,47.I* 
H,4.22: N.l 1.0%: K.MR: (CDCI5) 3.13(t,4H), 3.42(t,4H), 6.62(dd,2H), 7.67(q,4H),. 

15 8.29(d,2H): MS: nvz 382 (MH)'. 

Example 26 

Pyridine (1ml) was added to a solution of 1 -(4-pyridyl)pipera2ine (0.33g) in dr)' 
dichloromeihane (20ml) and irieihylamine (1 ml) at 5^* C. The reaction mixture was treated 

20 with 4-cyanoben2enesulphony| chloride (0.40g). The reaction mixture was then stirred under 
argon for 4 hours allowing to warm to room temperature. The dichloromeihane solvent was 
removed b>- evaporation and the residual pyridine solution poured into aqueous sodium 
hydrogen carbonate solution and then extracted with ethyl acetate. The organic extracts were 
then washed with aqueous sodium hydrogen carbonate solution, water, brine, dried (MgSO^) 

25 and evaporated to yield a pale cream solid which was then recrystallised from ethyl 

acetate.*isohe.\ane to give 1 -{4-pyridyl)-4-(4-cyanophenylsulphonyl)pipera2ine (0.3 I g) as a 
solid, m.p. 212-213 "C; microanalysis, found: C, 58.8; H,4.9; NJ7.I%; C,^,H,6N40.S 
requires: C.5S.5: H.4.91: N.I 7.1%; NMR: (CDCI3) 3.18(t,4H), 3.44(t.4H), 6.62(dd,2H). 
7.88(q.4H). S.30(dd.2H): MS; m/z 329 (MH)\ 



Fxampic 27 

l-(4-Pyndyl)-4-(4-aniinophenyl)pipera2ine (0.4g) was dissolved in dry 
dichloromeihanc (40mi) and cooled to 0*'' C Triethylamine (0.4ml) was added followed by 4- 
cyanobenzenesulphonyl chloride (0.6g). The reaction mixture was then stirred overnight. The 
5 mixture was washed with aqueous sodium hydrogen carbonate solution, water, brine, dried 
(MgSOj) and evaporated to yield the crude solid product. This solid was purified by flash 
chromatography on ICN Alumina (N 32-63) using and increasing concentrations of ethyl 
acetate in isohexane (50 - 100% ethyl acetate) and up to 10% methanol in ethyl acetate as the 
eluent to give 1 -(4-pyridyl)-4-(4.cyanophenylsulphonamidophenyi)pipera2ine f0.12g) as a 
10 solid, m.p. 237-238^C; microanalysis found: C.61.4; H,4.9; N,15.5%; C..H.,N5O.S.0.5 HjO 
requires: C,61.7: H,4.9; N,16.3%; NMR: 3.l7fi,4H), 3.42(t,4H), 6.8 1 -6.97(m.6H). 7.82(d.2H), 
8.02(d,2Hy S.18(d.2H): MS: m/z 420 (MH)'. 

The 1 -{4-pyridyl)-4-(4-aminophenyl)pipera2ine used a^ starting material was prepared 
as follows; 

1 5 Sodium hydride (0.5g) (45-55% dispersion in oil was added to a solution of 1 -(4- 

pyridyl)pipera2ine (0.9g) in dry dimethylformamide (lOmI) at ambient temperature and 
stirred for 30 minutes. After this time, 4-fluoronitroben2ene (0.65ml) was added slowly and 
the temperature raised to 70^ C. The mixture was maintained at this temperature for 2 hours. 
The reaction mixture was then quenched by pouring into water and acidifying with aq 2N HCI 

20 solution to pH I . The acidic layer was washed with diethyl ether and then basified with aq 
2K.NaOH solution. The resulting precipitate was filtered, washed with water, dissolved in 
methanol, filtered through phase separator paper and evaporated to dryness. The resulting 
crude material was recrystallised from methanol/ether to give 1 -(4-pyridyI)-4-(4- 
nitrophenyl)pipera2ine (0.64g) as an oil. NMR: (CDCI3) 3.61 (q,8H). 6.58(d.2H). 6.8 l(d,2H), 

25 8.]6fd.2H), 8.33(bs.2H): MS: m/z 285 (MH)^ 

A solution of sodium dithioniie (2.5g) in water (10ml) was added to a warmed solution 
of 1 -(4-pyridyl)-4-(4-niirophenyl)piperazine (0.55 Ig) in methanol (50ml) and the mixture was 
allowed to rcrlux for 2 hours. The methanol was removed by evaporation and the resulting 
concentrated solution was basified with solid Na^SOj. The organic material was extracted 

30 into eth\ I acetate, washed with water, brine, dried (Na-jSOj and evaporated to give i-(4- 

p\Tidyl)-4.(4.aminophenyl)piperazinc (0.4g) as an oil. NMR: (CDCI3) 3.14(i,4H). 3 4Sfl.4H). * 
6.68(m.4H). 6.S5(d.:hn. 8.3 1 (bd.21 (): MS: m z 255 (MH)' 
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Exnmple 28 

A solution of 4-chloropyrimidine HCI (450mg) and 4-bromophenyl sulpho'hyl 
piperazine (300mg) in eihanol (20ml) and water (2ml) containing triethylamine (0.5ml) was 
heated under reflux overnight. The solution was evaporated and water (50ml) added and the 
5 solution basificd to pH 8 by addition of solid potassium carbonate to give a precipitate which 
was filtered and washed with water and air dried. The crude solid was dissolved in 
aceionitrile and chromatographed on an alumina column (ICN Alumina N 32-63) eluting with 
30Vo tetrahydrofuran/ethyl acetate and then acetpnitrile to give pure product which was 
recrystallised from a mixture of ethyl acetate/isohexane to give I -(4-pyrimidyl)-4-(4- 
10 bromophenylsulphonyOpiperazine (44mg) as a solid, m.p. 196-197"C; microanalysis found: 
C.43.9: H.3.9; NJ4.4%; Ci^jHuBrN^OjS requires: C43.9; H,3.9; NJ4.6%; NMR: 2.9- 
3.1(m.4H).3.6-3.S(m,4H). 6.8(ddJH), 7.6-7.7Cd.2H), 7.8-7.9(d.2H). 8. 1 -8.2(d. 1 H). 8.5(sJH): 
MS: nvz 383 (MH)'. 

The l-(4-bromophenyisulphonyl)piperazine used as starting material was prepared as 
15 follows: 

To a stirred solution of piperazine (10.8g) in dry dichioromethane (160ml) and 
triethylamine (20ml) at 0° C was added slowly a solution of 4-bromobenzenesulphonyl 
chloride (16g) in dichioromethane (80ml) and stirred for 24 hours. The reaction was then 
quenched by removal of the dichioromethane solvent by evaporation, taken up in water and 

20 extracted with ethyl acetate. The organic extracts were washed with aqueous sodium 

hydrogen carbonate solution, water, brine, dried (MgSO^) and then evaporated to give a white 
crystalline solid which was recrystallised from ethyl acetate/isohexane to afford 
1 -(4-bromophenylsulphonyl)piperazine ( 1 4. 1 g) as a solid, m.p. 1 02-1 04° C. microanalysis 
found: C.39.5: H.4.4: N.9.1%: C.oH.jBrN^OiS requires: C,39.4; H.4.3: N.9.2%; NMR 

25 (CDCK): 1.52(s.lH). 2.97(dt.8H), 7.61(d,2H), 7.69{d,2H): MS m/z 305 (MH)\ 

Example 29 

Carbonyl diimidazole (324mg) was added to a solution of 6-bromonaphthaleiK--2- 
sulphinic acid (658mg) in dimethylformamide (10ml). After stirring at ambient temperature 
30 for one hour N-4-(4-pyridyl)piperazine (326mg) was added as a solid in one portion and 
stirring contimied at ambient temperature overnight. The reaction mixture was poured into 
ethyl .ncetate.') 00ml). washed uiil, water (3 x 25ml). brine (25ml). dried (MgSO,)and 



evaporated lo give a yellow oil which was purified by chromatOL'raphy op silica, gel (Mega 
Bond Elui column) using an increasing concentration of methanol in dichloromcthanc (up to 
5% methanol) as eluant to give an oil which on trituration with diethyl ether gave a white 
solid J-(4-pyridyl)-4-(6-bromonaphtalenc-2-sulphenyl)piperazine (170mg), m.p. 200-202'*C; 
5 microanalysis, found: C, 54.9; H, 4.4; N. 10.1; CjgHigBrNjOS requires: C,54.9; H. 4.3: N, 
lO.I; NMR: 2.9.3.0(m.2H); 3. 1 -3.3(m,2H); 3.35-3.5(m,4H); 6.8(dd,2H); 7.7.7.8fm,2H); 8.1- 
8.2(m,4H): 8.3(s.lH): 8.35(d.lH); MS: m/2416 (MHV, 

p.xample 30 

10 Triethylamine (3. 48ml) was added to a stirred suspension of 1 -(4-pyridyl)pipera2ine 

(4.08g) in DMF (50ml). The mixture was cooled to 4**C, and 4-nitroben2oylchloride (4.64g) 
added. The rhixiure was stirred for 1 hour at 4*^0 and then for 16 hours at ambient 
temperature. Dichloromcthanc (250ml) was then added and thc'mi.Nture washed with water 
(3 X 30ml), saturated brine (1 x 30ml), then dried (MgS04) and the solvents evaporated. The 

15 residual oil was purified by flash chromatography on silica gel using 5% v/v 

meihanol/dichloromethane and then with 10% v/v methanol/dichloromethane as eluant to give 
l.(4-pyridyl)-4-(4-nitroben2oyI)piperazine (5.09g) as a yellow solid, m.p. ISS-ieo"* C; 
microanalysis, found: C,61.3; H,5.3; N.17.6%; Ci6H]6N403 requires: C,61.5; H,5.2; 

NJ 7.9%: NMR: 3.42(6H + H20.m), 3.87(2H.bs). 6.93(2H,d). 7.84(2H.d), 8.30(2H,d), 
20 8.41(2H.d): MS: m/2 313 (MH)-^ . 

Example 31 

Azodicarbonyldipiperidine (20.03g), tribuiylphosphine (16.06g) and I -(4-pyridyl)-4- 
piperidin-4-ol (9.43g) were added to a stirred solution of N-t-buty!oxycarbonyl-4- 

25 aminophenol (1 1 .OSg) in dry THF (300ml), cooled under a blanket of nitrogen to 1 O^C. A 
thick precipitate formed and the mixture was stirred at ambient temperature for 20 hours 
during which time the mixture slowly thinned. The precipitated tributylphosphine oxide wa.s 
remov ed by filiration and the residue concentrated in vacuo. The residue was purified by 
Hash chromatography on silica gel usinu ethyl acetate followed by dichloromcthanc 

30 coniaininLi im increasing amount of methanol (up to 5% methanol) as eluent to give a solid 
(7.38'J'). ::ip IO:.195^C. 



A solution of this solid (4.22g) in dichloromethane (400ml) was treated with a 
saturated solution of hydrogen chJoride in ether (50ml) and ihe mixture was stirred for 64 
hours. The mixture concentrated in vacuo and the residue crystallised from mcthanoi/ether to 
give l-{4-pyridYl)-4-(4-aminophenyIoxy)piperidinc hydrochloride (2.85g). mp. 289-29 rC. 
5 NMR: 1.73 (m.2H), 2.06 (m.2H), 3.64 {m.2H), 3.94(m,2H), 4.76 (m.lH), 7.12(d,2H). 

7.24(d2H), 7.34{d,2H), 8.23(d,2H), 10.32 (broad, 2H); MS: m/2 270(MH)r This solid (l.5g) 
was dissolved in water (lOmI) and 2M sodium hydroxide added until precipitation was 
complete. There was thus obtained I -(:4-pyridyl)-4-{4-aminopheno.\y) piperidine free base as 
a brown solid (1 .032) mp 214-2 1 50C: NMR: 1.57 (m.2H), 1 .86 (m.2H)/3.24 (m.2H), 
10 3.67(m.2H),4.31 (mj H), 6-47(d.2H). 6.66{d,2H). 6.87(d,2H), 8. 1 3(d,2H); eMS: m/z 270 
(MH)\ 

Example 32 

A- solution of N-(4-pyridyl)pipera2ine (8 1 5mg), 4-nuoroben2ophenone (1.2 g) and 
15 powdered potassium carbonate (912 mg) was stirred at 95^0 in DMSO (10 ml) overnight. 
The solution was poured into water (1 50 ml) and extracted with dichloromethane (3x50 ml). 
The dichloromethane extracts were confibined, washed with water, dried (Na-^SOa) and 
evaporated. The residue was purified by clu-omaiography on alumina (ICN Alumina N 32-63) 
using 1% methanol in dichloromethane as eluant to give a solid. The solid was recrystallised 
20 from a mixture of ethyl acetaie/isohexane to give 1 -(4-ben2oylphenyl)-4-(4-pyridyl)piperazine 
(450 mgj as a solid. m.p.l36-1370C. 

Example 33 

A solution of N-(4-pyridyl)pipera2ine (8.15 g). 4,4'-difluorobenzophenone (13.1 g) 
25 and powdered potassium carbonate (9. 1 2 g) was stirred at 95^C in DMSO (100 ml) overnight. 
The solution was poured into water (1500 ml) to give a precipitate which was filtered, washed 
with water and dried. The solid (7.82 g) was stirred in trifluoroacetic acid (25 ml) under 
argon with iriethylsilane (10 ml) for 18 hours. The solution was poured into water (315 ml), 
taken to pH 12 with sodium hydroxide solution and extracted with dichloromethane (2x300 
0 ml). The combined dichloromethane extracts were washed with water, dried (Na.SOj and 
evaporated to give a residue which was purified by chromatography on alumina ((CN 



Alumina N 32-63) using 0.5% methanol in dichloromcihanc as eluant. The solid obtained 
was recn'Siailised from a mixture of eihyl aceiaie/isohexane lo give 1 -{4-nuorobenz\'lphenYr) 
4-(4-pyridyl)pipera7.inc f350 mg) as a solid, m.p.l tO-1 1 l^c. 

5 Example 34 

A solution of I -(4-hydroxyphenyl)-4-(4-pyridyl)piperazine (670 mg), 4- 
fluorobenzoniirile (354 mg) and powdered potassium carbonate (445 mc) was stirred at 950C 
in DMSO n2 ml) for IS hours. The solution was poured into water (180 ml) to cive a 
precipitate which was filtered, washed with water and dried. The solid was purified by 
10 chromatography on alumina (ICN Alumina N 32-63) using 1% methanol in dichloromethane 
as eluani. This gave a solid which was recrysiallised from a mixture of eihvl 
aceiaie/isohexanc to give 1 -(4-cyanophenoxyphenyl)-4-(4.pyridyl)piperazinc (126 mg) as a 
solid, m.p.l 80- 182<^C. 

The 1 -(4-hydroNyphenyl)-4-(4-pyridyl)piperazine used as sianing material was 
15 prepared as follows: 

A solution of 4-chloropyridine HCl (450mc) and 1 -(4-meihoxyphenyr)-pipera2ine 
(226 mg) in eihanol (20 ml) and water (2 ml) containing triethylamine (0.5 ml) was heated 
under reflux for 18 hours. The solution was evaporated, water (50 ml) added and the solution 
taken to pH 8 by addition of solid potassium carbonate to gi\*e a precipitate which was 
20 filtered, washed with water and dried. The solid (33mg) was stirred in concentrated aqueous 
hydrogen bromide (2 ml) at 1 40^*0 for 8 hours, poured into cold water (2 ml) and taken to pH 
7 with aqueous ammonia (1 .3 ml) to give a solid which was filtered, washed with water and 
dried to give 1 -(4-hydroxyphenyl)-4-(4-pyridyl)pipera2ine (28 mg), m.p. 2SS-290''C. 

-5 Example 35 

Using an analogous procedure to that described in Example 34, but using 2-bromo-5- 
nitropyridine as starting material in place of 4-fluorobenzonitriIe. there was prepared l-(4-f5- 
nitro-2-pyridyloxy]phenyn-4-(4-pyridyl)pipera2ine (50% yield), m.p. 174.175''C. 

^0 Example ?iCt 

Sodium hydride ( 120 mg) (50% dispersion in oil) was added to a stirred soluiion of I- 
(4-hydroxyphenyl )---{4-pyridy|)pipcrazine (510 mgj in dimeihylformamide (5 ml) under 
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argon. The solution was stirred at ambient temperature for 30 minutes and a solution of 4- 
cyanobenzyibromide (430 mg) in dimethyl formamide (5 ml) was added dropwise. The 
solution was stirred at ambient temperature overnight, water (1 50 ml) added to give a 
precipitate which was washed with water, dried and rccrystallised from ethanol to give l-(4- 
5 cyanobenzyloxyphenyl)-4-(4-pyridyl)piperazine (660mg), m.p.212-2140C. 

Example 37 

Using an analogous procedure to that described in Example 36, but using 4- 
bromobenzylbromide as staning material in place of 4-cyanobenzyibromide. was prepared I- 
10 (4-bromobenzyloxyphenyl)-4-(4-pyridyl)piperazinc (50% yield). m.p.233-2350C. 

Example 3S 

A solution of I -(4-formylphenyl)-4-(4-pyridyl)piperazine ( 1 .0 g), 4- 
bromoacetophenone (745 mg) and cone, sodium hydroxide (3 drops) in ethanol (25 ml) was 
15 stirred at ambient temperature overnight to give a solid which was filtered, washed with 

ethanol and dried to gi^•e l-(4-(4-bromobenzoylethyleny]]-phenyl)-4-(4-pyridyl)piperazine 
(900mg), m.p. 201-203''C. 

The l-(4-formyIphenyl)-4.(4.pyridyl)piperazine used as staning material was prepared 
as in Example 32, using 4-nuorobenzaldehyde as starting material in place of 4- 
20 nuorobenzophenone to give l-(4-formylphenyl)-4-(4-pyridyI)piperazine (43% yield), 
m.p. 1 16-1 HOC. 

Example .39 

A solution of l-(4-formylphenyI)-4-(4-pyridyl)pipera2ine (1.0 g), 4- 
25 methoxyacetophenone (503 mg) and concentrated sodium hydroxide (3 drops) in ethanol (25 
ml) was stirred at ambient temperature overnight to give a solid which was dissolved in 
ethanol (100 ml) and hydrogenated over 10% palladium on charcoal to give a solid which was 
recr^'stallised from a mixture of ethyl acetate/isohexane to give l-(4-[4-methylbenzoylelhyl)- 
phenyl)-4-(4-pyridynpiperazine (400 mg). m.p. 1 14-1 15"C 

30 

Example 40 



a-Meffitxi'benzyhriphenylphosphonium bromide (4.47 g) was added lo'a solution of 
potassium t-butoxide ( 1 . 12 g) in tetrahydrofuran (50 ml) under argon. After 30 minutes at 
ambient temperature, the solution was treated with a solution of 1 -(4-formylphenyl)-4-(4- 
pyridyl) piperazine (1.34 g) in tetrahydrofuran (25 mi) and the mixture stirred at ambient 
5 temperature overnight. The tetrahydrofuran was evaporated, the residue treated with water 
(100 ml) and extracted with dichloromethane (3x50 ml). The combined dichloromethane 
extracts were washed with water, dried CNa,SO,) and evaporated to give a residue which was 
purified by chromatography on alumina (ICN Alumina N 32-63) using 2% methanol in 
dichloromethane as eiuant. This gave a solid which was recr>'stallised from a mixture of eihyl 
10 acetate/isohexane to give I-(4-(4-methyIphenylethyienyl)phcnyl]-4-(4-pyridyl)pipera2ine (350 
mg) as a solid, m.p. 92-940C. 

Example 4 1 ' 

Using an analogous procedure to that described in Example 40. but using 4- 
15 cyanobenzyltriphenylphosphonium chloride as staning material in place of 4- 
methoxybenzyltriphenylphosphonium bromide, there was prepared l-(4-{4- 
cyanophenylethylenyl]phenyl)-4-(4-pyridyl)piperazine (18% yield). m.p.l05-106OC. 

Example 42 

20 A solution of 1 -(4-acetylphenyl)-4-(4-pyridyI)pipera2ine ( 1 .Og). benzaldehyde 

(I 77mg) and concentrated sodium hydroxide (3 drops) in eihanol (25 ml) was stirred at 
ambient temperature overnight to give a solid which was filtered, washed with ethanol and 
dried to give l-(4-cinnamoylphenyI)-4-(4-pyridyl)piperazine (3I0mg), m.p. 208-2 10°C. 

The 1 -(4-acetyIphenyI)-4-(4-pyridyl)piperazine used as staning material was prepared 

15 as in E.xample 32. using 4-nuoroacetophenone as staning material in place of 4- 

fiuorobenzophenone to give I-(4-acetylphenyl)-4-(4-pyridyl)piperazine (40% yield), m.p. 176- 
I770C. ; 

Example 4;^ 

0 Using an analogous procedure to that described in Example 42. but using 4- 

tert-butylbenzaldehydc as staning material in place of benzaldehyde. there wa.«: prepared l-f4- 
<4-i-but>kinnamoy|)phenyl|-4-(4-pyridyr)pipcrazine (46% yield), m.p. :i:,-2I4"C. 

50 
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Example 44 

Using an analogous procedure lo that described in Example 39, but using as staning 
material 1 -(4-acetylphenyI)-4-(4-pyridyI)pipera2ine in place of 1 -(4-lbrmylphenyl)-4-(4- 
5 pyridy()pipera2ine and 4-iolualdehyde in place of 4-meihylacetophenone, was prepared |.f4- 
{4-meihylphenylpropionyl)-phenylJ-4.(4-pyridyl)pipera2ine (27% yield), m.p. I30-I32'*C. 

Example 45 

A solution of 4-(4-pyridyJ)pipera2ine (5.0 g), bis(4.nuorophenyl)sulphone ( 1 5.58 g) 
10 and powdered potassium carbonate (6.35 g) was stirred at 95^C in DMF (30 ml) overnight. 
The solution was poured into water (150 ml) to give a black solid from which the aqueous 
phase was decanted. The solid was heated in ethanol and a brown solid was collected by 
filtration. The filtrate was evaporated and the residue was purified by chromatography on 
alumina tICN Alumina N 32-63) first using ethyl acetate as eluent followed by 10 % 
15 methanol in dichloromethane. This gave l-(4-fluorophenylphenylsulphone)-4-(4- 

pyridyOpiperazine as a yellow solid {52 1 mg); microanalysis: Found C, 63.3; H. 5. 1 ; N. 
10.9%; CjjH^oFNjOiS requires: C, 63.5; H, 5.07: N, 10.6%. 

Example 46 

20 A mixture of 4-(3-(4-cyanophenoxy)-l -pyrrolidinyljpyridine (269 mg) and powdered 

potassium hydroxide f568 mg) in t-butanol CIO ml), under an atmosphere of argon, was heated 
under reflux for 18 hours. The mixture was filtered hot. The filtercake was washed with 
water and ethanol to give 4-[3-(4-carbamoylphenoxY)-l -pyrrolidinyljpyridine (166 mg) as a 
colourless solid, 

25 mp 298-300°C. 

The 4-[3-(4-cyanophenoxy)- 1 -pyrrolidinyljpyridine used as starting material was 
prepared as follows: 

A solution of 4-chloropyridine hydrochloride (8.86 g), 3-pyrrolidinol (5.14 g) and 
triethylamine (14.8 ml) in water (65 ml) was stirred and heated under rcfiux for 65 hours. The 
30 solution was evaporated lo a semi-solid. This residue was purified by Hash column 
chromaiouraphy on silica (Merck 9385) using a OQ; |0:3 (v/v/v) mixture of ethyl acetate, 
ineihanol and aqueous ammonia solution as clucni. lo giv^;. after trituration wiih ethyl acetate. 

5» 
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• 4-(3-hydrox.v- t-pyrrolidino)pyridine (5.95 g) as a cream solid, mp 207-209T. ' 

A soluiion of diethyl azodicarboxylate (1.73 ml) in dried lelrahydrofuran ( 10 ml) was 
added dropwise to a stirred mixture of triphenylphosphine (3. 1 5 g). 4-cyanophenol ( 1 .3 I g) 
and 4-(3-hydroxy.l.pyrrolidinyl)pyridine (1.64 g) in dried teirahydrofuran (4i mi,, under an 

5 atmosphere of argon, at 5-7"C. The resulting solution was stirred at ambient temperature for 
16 hours. The solid, which had separated, was filtered off and washed with diethyl ether to 
give 4.{3-(4-cyanophenoxy) - 1 -pyrrolidinyljpyridine (823 mg) as an off-white solid, mp 1 87. 
ISS^C. 

10 Example 47 

A 2M solution of .sodium methoxidc in methanol (0.89 ml) was added to a suspension 
of ethyl 4-(4-(4-pyridyn-l-pipera2inyI]ben2oate (500 mg) in a 33% solution of 
monomethylamine in ethanol (15 ml). The mixture was stirred at 40»C for I 8 hours. The 
mixture was cooled and the solid was collected by filtration. The solid was washed with 
15 ethanol and ether to give l-(4-methylcarbamoylphenyl)-4-(4-pyridyl) piperazine (374 mg) as a 
cream solid, mp 239-242'*C. 

The ethyl 4-(4-(4-pyridyl)-l-piperazinyl]benzoate used as staning material was 
prepared as follows: 

A solution of 4-(4-pyridyl)pipera2ine (9.78 g), ethyl 4-nuorobenzoate (9.7 ml) and 
20 powdered potassium carbonate (9.9 g) in dried dimethylsulphoxide (60 ml) was heated at 
95°C for 18 hours. The mixture was poured into water (1200 ml) and stirred for 30 minutes. 
The precipitate was filtered off washed with water and dried. The solid was purified by Hash 
column chromatography on alumina (ICN alumina N32-63) using I % methanol / 
dichloromethane as cluent. to give ethyl 4-f4-(4-pYridyl)-l-pipera2inyl)bcnzoate (4.85 g) as a 
15 cream solid, mp 162-1 64"C. 

Example 4S 

O.xalyl chloride (0.25 ml) was added dropwise to a stirred suspension of 4-(l-(4- 
pyridyl)piperazin-4-y|]benzoic acid (530 mg) in dried dichloromethane (20 mi . containing 
0 dimethylformamide . 1 drop). The mixture was stirred at ambient temperature lor 1 .5 hours 
and evaporated to dryness. The residue was suspended in dried dichloromethane f25 ml). 
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t-Butylamine (2 ml) was added slowly to this stirred suspension at 5"'C. The mixture was 
stirred at ambient temperature for 3 hours, then evaporated to dryness. The residue was 
suspended in aqueous sodium hydrogen carbonate solution (30 ml) and the mixture was 
extracted with ethyl acetate (3 x 60 ml). The ethyl acetate extracts were combined, washed 
5 successively with aq NaHCOj solution (30 ml) and saturated brine (30 ml), dried (Na^SO^) 
and evaporated to dryness. The residue was recrystallised from ethyl acetate (25 ml) to give 
give l-(4-t-buiylcarbamoylphenyl)-4-(4-pyridyl)pipera2ine (390 me) as a colourless solid mp 
2I4-217°C. 

The 4-(l-(4-pyridyl)piperazin-4.y|]benzoic acid used as staning material was prepared 
10 as follows: 

IM sodium hydroxide solution (103 ml) was added to a suspension of ethyl 4-[4-(4- 
pyridyO-l-piperazinylJbenzoate (10.3 g) in elhanol (200 ml) and the mixture was stirred at 
ambient temperature for 16 hours. The solution was evaporated to dryness. The residue was 
stirred in water (515 ml) for 15 minutes and any insoluble material was filtered off. The 
15 filtrate was treated with ice-cooled 1 M hydrochloric acid (103 ml). The precipitate was 
filtered off, slurry washed with water, sucked dry and dried over phosphorus penioxide. at 
50°C for 2 days to give 4-(l-(4-pyridyl)piperazin-4-yI]-ben2oic acid (5.24 g) as an off-white 
solid, mp >300°C. 

20 Exnmnle49 

Using an analogous procedure to that described in E.xample 48. but using n- 
butylamine as staning material in place of t-butylamine. was prepared 1 -(4-n- 

butylcarbamoylphenyl)-4-(4-pyridyl)piperazine (67% yield) as a colourless solid, mp 172- 
1 74''C. 

15 

Example 50 

l-(4-Methoxycarbonylphenylmethyl)-4-(4-pyridyl)piperazinc (933mg;3.0mmol) was ' 
dissolved in methanol (8ml) and treated at ambient temperature under an argon atmosphere 
with an excess of piperidine (-20 equivalents) and 2M sodium methoxide in methanol (3ml). 
0 The resulting solid suspension was heated at 65°C under reflux for 20hours and then allowed 
to cool to room temperature. The reaction mixture was treated with a saturated aqueous 
solution of sodium hydrogen carbonate and extracted with CH.CU. The organic extracts were 

52> 
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washed with water and brine, dried over MgSO,. filtered and evaporated to yield an impure 
solid. The solid was chromatographed on silica gel (Varian bond clut-trademark) prepacked 
silica column, eluting with a mixture of methanol (1%). ammonium hydroxide (1%) and 
dichloromethanc (98%) to give I-(4-N-piperidinocarbonylphenylmethy|)-4-(4- 
5 pyridyDpiperazine (386% yield), NMR (CDCI3): I.5M.73 (m.6H). 2.58 fi.4H), 3.28 (t.4H). 
3.49 (S.4H). 3.57 (s.2H), 6.64 (dd.2H). 7.30 (s,4H), 8.25 (dd.2H). 

The l-(4-methoxycarbonylphenylmethyl)-4-(4-pyridyl)piperazins used as starting 
maierial was prepared as follows : 

4-Pyridyl piperazine (3.26g) was dissolved in 20ml of 10% water in iso-propanol and 
10 treated at ambient temperature, with agitation, with methyl 4-bromomethyi benzoate (4.58t:) 
and triethylaminc f 10ml). The resulting yellow suspension was stirred visourously for 
30minutes at room temperature and then heated at 100°C under reflux for 20hours. The 
suspension cleared to become a yellow solution when the reaction temperature had reached 
60"C. .\fier this period of heating the reaction mixture was allowed to cool to room 
1 5 temperature and the solvent removed by rotary evaporation under reduced pressure 10 yield an 
amber slurry. The slurry was treated with 2N aqueous sodium hydroxide and extracted with 
dichloromethanc. The organic extracts were washed with saturated brine, dried over MgSO^. 
filtered and evaporated down to an amber oil. which, after drying over 60hours on a high 
vacuum pump yielded a pale yellow solid. 4.63g ( 74%). 

20 

Example ^\ 

Using a similar method as described in Example 50 but using methylamine in place of 
piperidine there uas obtained l-(4-N-methylaminocarbonylphenylmeth> i)-4-(4- 
pyridyOpiperazine (76% yield), m.p. 188-190"C. 

>5 

Example 52 

l-(4-CarboNyphenylmethyl)-4-(4-pyridyl)piperazine(594mg) was suspended in 
dichloromethanc (25ml) and treated at ambient temperature with thionyl chloride (5ml) and 
heated at A(fC over 1 Shours. After this period the reaction mi.viure was allowed to cool to 
0 room temperature, evaporated to dryness, azeotroped with toluene and dried under hiuh 
vacuum for 2hour.s. The yellow solid obtained was su.spended in dichloromethane (20ml), 
stirred in an ice bath and treated at O-i'^C with 5 equivalents of morpholinc. The su.spcns.on 
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was allowed to warm lo ambient temperature and stirred for l8hours. After this period the 

reaction mixture was treated with saturated aqueous sodium hydrogen carbonate and extracted 

with dichloromethane. The organic extracts were then washed with water and saturated brine. 

dried over MgSO^, niiered and evaporated down to yield an impure solid. The solid was 

5 purified by chromatography on silica gel (Varian bond elut-trademark) prepacked silica 

column with a mixture of methanol (1-4%), ammonium hydroxide (1%) in dichloromethane 

to give l-(4-N-morpholinocarbonylphenylmethyIH-(4-pyridyl)pipera2ine (33% yield) m.p. 
I21-125X. 

The l-(4-carboxyphenylmethyl)-4-(4-pyridyl)pipera2ine used as starting material was 
10 prepared as follows : 

l-(4-Methoxycarbonylphenylmcthyl)-4-(4-pyridyl)pipera2ine (4.5g) was dissolved in 
methanol (50nil) and treated at ambient temperature with 2M aqueous sodium hydroxide 
(36ml}. The resulting solution was stirred at room temperature for 3hours and concentrated 
by evaporation to an aqueous solution of the sodium salt of the acid. This solution was just 
15 acidified with glacial acetic acid (4.3ml) to give a white precipitate which was collected by 
nitration, washed with water and dried to give i -(4-carboxyphenyimethyl)-4-(4- 
pyridyl)pipera2ine in 90% yield. 

Example 5.1 

20 Using a similar method to that described in E.xample 52 but using ethylamine in place 

of morpholine there was obtained 1 -(4-ethylaminocarbonylphenylmethyl)-4-(4- 
pyridyl )piperazinc (51% yield), m.p. 213-215°C. 

Example .^4 

25 Using a similar method to that described in Example 50 there was obtained the 

following compounds. 



0 



6^ 
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10 Example 55 

Ethyl magnesium chloride (3M) in anhydrous THF (1.0ml) was treated at room 
temperature under argon with a solution of l-(4-acetylphenyl)-4-(4-pyridyl)piperazine 
(281mg) in anhydrous THF (1 5ml). The resulting solid suspension was heated at 70°C under 
reflux for 3hours. The mixture was cooled in ice at 0-5°C and treated with diethyl eiher and a 

15 saturated solution of aqueous ammonium chloride. The reaction mixture was stirred for 10 
minutes with ice cooling and at room temperature for 10 minutes. The aqueous phase was 
then extracted with dichloromethane and the ether phase was evaporated. The residue was 
dissolved in dichloromethane and combined with the other organic extracts. The combined 
extracts were then washed with saturated brine, dried over MgSOj. filtered and evaporated to 

20 give an impure orange solid. The solid was purified by chromaiograph> o,^ a prepacked silica 
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column rVarian bond elui-trademark). eluting with a mixture of methanol f 1-2%) and 
ammonium hydroxide ( I %) in dichloromethanc to obtain a pale yellow solid which was 
irituraced with diethyl ether to give l-f4-(l -hydroxy- 1 -methylethyl)phenyi)-4-r4- 
pyridyDpiperazine (21% yield) as a pale yellow solid, m.p. 234-235°C. 

5 

Example 56 

4.(>Cyano.2-pyridinoxy)piperidine (337 mg) and 4-chloropyridine hydrochloride 
(284 nic) were dissolved in water (10 mL) and treated with triethylamine (0.47 mL) in 
isopropanol (I mL) and refluxcd for 24 hours. The reaction was quenched by evaporation of 
10 the solvent. Tiie residue was dissolved in dichloromethane and washed with aqueous sodium 
hydrogen carbonate solution, water, brine, dried (MgSO^) and evaporated. The residue was 
triturated wiih diethyl ether to give 1 -(4-pyridyl).4-(5-cyano,2-pyridinyloNy)piperidine (50 
mg) as a paie cream crystalline solid; microanalysis, found: C66.4; H. 5.6: N.I 9.0%: 
C,<,H„N-,O.0.5.H,O requires: C,66.4; H,5.9; N.J 9.4%; NMR: (CDCI3) 1.90 (m.2H). 2.10 
15 (m.2H). 3.32 (m.2H). 3.67 (m.2H), 5.37 (m.lH), 6.68 (d,2H). 6.80 (d.lH). 7.78 (dd.lH). 8.28 
(d.2H). 8.47 (d,lH): MS: nvz 281 (MH)*. 

The 4-(5-cyano.2-pyridinoxy)piperidine starting material was prepared as follows: 
To a solution of l-(t-butyIoxycarbonyl)-4-piperidinoI (600 mg) in 
dry D.VIF (20 mL) was added sodium hydride (0.24g, 50% dispersion 
20 in oil) and stirred under argon for 1 hour. 2-Chloro.5-cyanopyridine (0.44 g) was added and 
the mixture uas heated at 70''C overnight. The reaction was quenched by pouring mto water 
and extracted with diethyl ether. The extract was washed with water, 
brine, dried (MgSO,) and evaporated. The residue was then chromatographed on silica gel 
eluting with a mixture of dichloromethane (25%) in isohexane increasing to dichloromethane. 
25 The residue was recrystallised from isohexane to afford l-(t-butyloxycarbonyl).4-f5-cyano.2- 
pyrid> loxy)piperidine (400 mg) as a colourless crystalline solid; NMR; (CDCI3) 1-46 rs.9H) 
164 - 1S2 (m.2H). 1.92 - 2.09 (m.2H). 3.21 - 3.36 (m.2H). 3.70 - 3.84 (m.2H), 5.28 (m.l H). 
6.78 fd. I H). 7.77 (dd. 1 H): MS: m/z 304 (MH)\ 

To l-ft-butyloxycarbonyl).4-(5-cyano.2-pyridinyloxy)piperidine (1 .6 g) in 
30 dichloromethane ,20 mL) was added trifluoroacetic acid (1.2 mL) and the reaction s.irred a. 
room temperature for I hour. The reaction was quenched by evaporation of .rinuoronce.ic 
acid d.ssoh ing th. residue in water, basifying with sodium hydrogen carbonate and ex.roci.n. 
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with dichloromeihanc. The organic layer was then washed u iih water, brine, dried CMgSOj 
and evaporated to yield 4-(5-cyano.2-pyridyioxy)pipcridine as a white cr>-stalline solid (337 
mc). MS: mJz 279 (MH*). 



5 Example 57 

Using the procedure described in Example I. the following compounds were prepared. 



N 




Ring A X 




w 



Compound Ring A 
No 



X R 



m.p. (-C) 



1^ 



10' 



1 -piperazin-4-yl 
l-pipera2in-4-y| 

1 -piperazin-4-yl 

1 -pipera2in-4-yI 

1 -piperazin-4-Yl 

I -pipera2in-4-yI 

1 -piperazin-4-yl 

1 -pipera2in-4-yl 

I -piperazin-4-yI 

1 -pyrolidin-3-y I 0 



4-CH.NH. 

4-nuorophenyl- 

sulphonamidomeihyl 

3-niirophenyI- 

sulphonamidomeihyl 

3.4-dimethoxy- 

phcnylsulphonamido A^f^v/ 

2,4,5-irichloro- 

phenylsulphinamidomethyl 

2-chloro-4- 

cyanosulphonamido-methyl 
3.4-dimeihyi- 
sulphonamidomethyl 
4-i-butyl- sulphonamido 
meihyl 

2-niiro sulphonaminomethyi 
4-cvano 



167-168 
169-170 

10.66 

minutes * 

1 1.43 

minutes * 

13.03 
minutes * 

10.64 
minutes * 
12.53 
minutes * 
13.68 
minutes * 
10.56 
minutes * 
174-175 



T 



(a] see iniermediate in Example 1. 

fb] prepared using ihe method of Example 3 1 . 

* reieniion time on HPLC column:. 

5 

Column HYPERSIL ODS 5p 
Flow Rale 1.5ml/min 
Detector Wavelength 280X 
Oven Temperature 40 ®C 
10 Solvent C 30 mmol EijN/HjO 
Solvent D 30 mmol Et3N/CH.CN 



Time 


% Solvent C 


% Solvent D 


0 


95 


5 


3 


95 


5 


17 


5 


95 


18 


95 


5 . 


20 


95 


5 



Example 

15 A solution of 4-pyridyl piperazine (9.78g). 4-fluorobenzonitrile(7.26g) and powdered 

potassium carbonaie(IOg) was stiired and heated in DMSO(lOOmJ) at lOQOC for 18 hours. 
The solution was poured into xvaier (500ml) to give a precipitate which was filtered and 
washed with water. The crude solid was dried in a vacuum oven for 18 hours. The residue 
was dissolved in dichloromethane and purified by flash chromatography on alumina (ICN 
20 Alumina K 32-63) using an increasing concentration of ethyl acetate in dichloromethane (up 
to 100% ethyl acetate) as eluant to give a solid which was recrystallised from ethyl 
acetate/isohe.xane to give 1 -(4-cyanophenyi)-4-(4-pyridyl)piperazinc (7.5g) as a solid. 
m.p.I57-1580C; microanalysis, found: C.72.7;H.6. 1 ;N,2 1 .0%;Ci 1 5^4 requires: 

C72.7:H.6.1 :N.2 1 .2%: NMR (dmso-d6):3.45-3.55(8H.bs).6.8-6.9f2H.d):7.0-7. 1 (2H.d); 7.55- 
25 7.65(2H.d):8.1-8.2(2H.d): MS m/Z 265 (.M+H). 



re I /c;mv7/uu2«2 

Example 59 

A solution of l-f4-cyanopheny|)-4-(4-pyridyI)pipera2inc (I .8g) in eihanol saturated 
with ammonia gas (1 50ml) was hydrogenated at I 50 atmospheres and lOQOC oxer Ranev 
5 Nickel as catalyst for 18 hours. The solution was filtered through Celite and the filtrate 
evaporated to dryness. The residue was purified by flash chromatography on alumina (ICN 
Alumina N 32-63) using a mixture of 95:5 dichloromethanermethanol as eluant to give a solid 
which was recrystallised from tetrahydrofuran/isohexane to give 1 -(4-(aminometh>^)pbenyl)- 
4-(4-pyridyl)[pipera2ine (1.3g) m.p.l68-170OC; microanalysis, found: 
10 C,71.5;H.7.6:R20.5%;C,6H20N4 requires: C,71.6;H.7.5;N,20.9Vo: NMR (dmso-d6):3.2- 

3.4(4H.m);3.4-3.6(4H.m);3.65(2H.s);6.8-6.9(2H,d);6.9-7.0(2H.d);7. ] 5.7.25f2H.d):8. 1 5- 
8.25(2H.d): MS: m/Z 269 (.M+H) 

E.xample 60 

15 To a solution of 6-chIoronicotinic acid (I 88mg.) in tetrahydrofuran (5 ml), was added 

Ij'-carbonyldiimidazole (178 mg)and the solution stirred for 1 hour. A solution of l-(4-(2- 
aminoethy|)phenyl]-4-(4-pyridyl)pipera2ine (268 mg) in tetrahydrofuran (10 ml) was then 
added in one ponion and the resulting solution stirred at ambient temperature overnight. The 
solution was evaporated to dryness and tetrahydofuran (2ml) and aqueous sodium bicarbonate 

20 (10 ml. 1 molar) were added to the residue which was stirred vigorously for ihiny minutes. 
The solution was filtered and the residue washed with water and air dried to give j ,(4- 
pyridyl)-4-[4-(6-chloronicotinamidomethyl)phenyl])pipera2ine (230 mg) as a solid, m.p. 208- 
210'C; microanalysis found: C.63.5; H.5.3; N.16.8: C^.H^CINjO 0.5H,O requires: C.63.5; 
H.5.5; NJ6.8: NMR (dmso-d6): 3.2-3.3(m,4H), 3.4-3.5(m,4H). 4.35-4.45(d.2H). 6.8- 

25 6.85{d.2H), 6.9-7.0(d,2H). 7. 1 5-7.25(d,2H), 7.57-7.63(d,2H). 8. 1 -8.2(d.2H). 8.25- 
8.35(ddJH), 8.65-S.7(d.2H), 9.07-9. 1 7(bl,l H): MS m/z408 (M+H) 

E.xample 6 I 

A solution of 2.4 dichloropyrimidine (1 .5g). sodium bicarbonate ( 1 Og) and 1 .4 
30 piperazinyl 4 benzonitrile (1.8g) in ethanol (50 ml) was stirred and heated under reflux r'or 18 
hours. Water (200mi) was added to give a precipitate which was filtered washed w„h water 
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and recr>'siallised twice from a mixture of letrahydroftiran and hexane to give I -C4- 
cyanophenylH-(2-chloropyrimidin-4-yl)pipera2ine (I.73g) m.p. 216-218 



Example 62 

5 To a solution of betizoic acid (122mg) in dimethylformamide (2 ml), was added 

1,1 -carbonyldiimidazole (188 mg) in dimethylformamide (2ml) and the solution stirred at 
ambient temperature for I hour. A solution of I-(4-(2-aminoethyl)phenyl]-4-(4. 
pyridyl)piperazine (268 mg) in dimethylformamide (4 ml) was then added in one ponior^and 
the resulting solution stirred at ambient temperature for twelve hours. The solution was 
10 evaporated to dryness and aqueous sodium bicarbonate (8 ml, IM) added. The mixture was d 
stirred vigorously at ambient lemperaturefor thiny minutes. The solid was collected by 
filtration, washed with water to give I-(4-pyridyl)-4-(benzoyl-aminomethyl- 
phenyOpiperazine (389mg), retention time 1 1.49mins (same HPLC conditions as in Example 
57). 

15 

Example 63 

In a similar manner to Example 62, l-(4-pyridyl)-4-(4-(3- 
thienylcarbonylaminomethyOpheny! was prepared (386mg), retention time 14.59 minutes. 

20 Examples 64-96 

The following compounds are conveniently prepared according to the following 
genera] synthetic methods: 
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OH 



Method A 



OH 



Methods B. D or 




1 . (BOC),,aq.NaOH 

2. Meihdxis B. D or E 

3. Method 



O "T" 



Method 



O T 

and analagous alternatives for: 




(where T = N or CH) 



15 In a typical procedure for Method A the neutral amine (or salt thereoO is mixed with a 

pyridine substituted in the 4-position with a suitable leaving group such as CI. Br. or 
methanesulphonyloxy (or salt thereoQ in the presence of a suitable base sucii as a tertiary 
amine, a metal alkoxide or a metal carbonate salt. The reaction is typically carried out at from 
room temperature to I50»C. preferably at about lOO'C. in a suitable solvent such as water, an 
20 alcohol or xylenes. 

The starting amines arc conveniently prepared by removal of a standard protecting 
group such as .-butyloxycarbonyl. The reaction is performed in the presence ofa strong acid 
such as irifluoroacetic acid or a mineral acid, optionally in a soiven. such as uater or 



dichlorpmethane, typically according to Method C. The reaction is typically carrjed out.ai 
from -20»C to IOO"C. preferably at about room temperature. 

In a typical procedure for Methods B and D the alcohol is mixed with a pyridine 
substituted in the 2-position with a suitable leaving group such as CI. Br. or 
5 methanesulphonyloxy (or salt thereof), or a benzene substituted with a similarly appropriate 
leaving group, in the presence of a suitable base such as a metal hydride, a metal alkoxide or a 
metal amide and optionally a phase transfer catalyst such as a tetralkylammonium salt. The 
reaction is typically carried out at from -20''C to I OO'C, preferably at about room temperature, 
and may optionally be performed in the presence of a solvent such as tetrahydrofuran, toluene. 
10 dichloromethane or N,N-dimethylformamide. 

In a typical procedure for Method E the alcohol is mixed with a phenol or 2-pyridone 
derivative in the presence of a suitable azodicarboxylate derivative such as 
diisopropylazodicarboxylate and a phosphine derivative such as triphenylphosphine or iri-n- 
butylphosphine. or any other such variant on the general method originally defined by O. 
15 Mitsunobu e, oL {Bull. Cham. Soc. Jpn., 1971, ^V. 3427). The reaction is typically carried out 
at from -20-C to 1 OO'C, preferably at about room temperature, in a solvent such as 
tetrahydrofuran. toluene or dichloromethane under an inert atmosphere such as nitrogen or 
argon. 

Alternatively the alcohol may be derivatised as a sulphonyl ester (such as 
20 methanesulphonyl) or halide. and the typical leaving group so generated may be displaced by 
a suitable salt of the phenol or 2-pyridone derivative (such as the lithium, sodium or 
potassium salt), optionally in the presence of a phase transfer catalyst such as a 
tetralkylammonium salt (as in Method G). The reaction is typically carried out at from -20-C 
to 1 00»C. preferably at about room temperature, and may optionally be performed in the 
25 presence of a solvent such as tetrahydrofuran, toluene, dichloromethane or N,N- 
dimethyl fonmamide. 

In a typical procedure for Method F the piperazine is mixed with a heterocycle i 
substituted wiih a suitable leaving group such as CI Br. or methanesulphonyloxy (or salt 
thereof;, or a benzene derivative substituted with a similarly appropriate leaving group. The 
30 reaction is typically carried out at from 0°C to I50»C. preferably at about 70 "C. in a solvent 
such as water, a suitable alcohol, toluene or other substituted benzene derivatives, under an 
inen atmosphere such .is nitrogen or argon. 
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The scaning materials for the above n^ethods are cither knou. compounds or may be 
prepared by conventional procedures in accordance with literature precedents. 
General synthetic method*;- 



Method A; 

5 



■HCI , EtjN Z^- 

R,R2^H ^ r'^^'x 



H,0 



The an„nc 1 1 .0 equivalcn,) and 4.chl„,opy,idi„. hydrochloride (1.0 equ.valer,,, were 
dissolved in H,0 (0.88M in each reagen.) and E.3N (,.8 e<,„iv„en„ was added a, an,b,en, 

10 temperature. The mixture was heated at reflux until 



reaction was complete. 



Method B; 



R' 



Br N . KO*Bu 

ROH ^ 




n 



RO 




R' 



Bu^NBr N 



15 



Under argon, po,assiun, .-bu.oxide (2.0 equivalent) and alcohol (1.0 equivalent, were stirred 
together for 5 minutes. Tetra-n-butylammonium bromide (0.06 equivalent) was added 
followed by the 2.halopyridine ( 1 .53 equivalent). If necessar.v. the n,ix,ure was heated at 

80OC until reaction was complete. 

20 

Method C: 

BOCN" -y^OR hN ^C-OR 



The carbamate (I.O equivalent) in CH2CI2 (0.88M) was cooled to 5 oc and trinuoroac^ic 
acid (0.33X volume of CH.Cb) was added dropwise. The mixture was warmed to ambient 
temperature and stirred until reaction was complete. 

5 Method D: 



NaH .R- 

ROH Jf 

RO ^'^^ N 





Jl 

N ^ 



Sodium hydride (60% dispersion in paraffin oil. M6mg. J. 2 equ.valent) was added to 
10 an oven-dried round-bottomed fiask and washed under an argon atmosphere with pentane 
DMF (5ml) was then added, followed by the alcohol (1.0 equivalent. 3.05mmol) and tetra-n- 
butylammonium bromide (59mg.. 0. 1 8mmol). The mixture was added as a slurry to the 2- 
halo-pyridine (1 .5 equivalent) in a second dry flask under argon, with stirring. After the 
reaction was complete the solvent was evaporated under vacuum. 

15 

Method E: 

OH HO^^ ^^"CX^XS^ 

20 Under argon, the alcohol (1 equivalent), phenol (1 equivalent) and triphenylphosphine 

(1 .44 equivalents) were mixed together in THF (0.3M solution) and cooled in an ice-bath 
D.isopropylazodicarboxylate ( 1 .53 equivalents) was added dropwise. The nuxture was 
allowed to warm to room temperature and stirred overnight. All volatiles u ere remov ed under 
reduced pressure, and the residue was purified by column chromatoaraphv. duting 

5 .sequentially wi.h CH,CI,: 7% MeOH/CH.Cl,; 70/iMeOH/I o/,NH,OH/CH,CN: 
1 0%iVIeOH/l %NH,OH/CH,CI,. 
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Method F: 




, . X N" 



N >-N NH ^ N^^^ ^ ' ' 




3 

I -(4-pyridyI)-piperazine (1 .0 equivalent) was hea.ed with the appropriate 2- 
halopyridine (1.0 equivaler^t) and triethylamine (1.0 equivalent) in aqueous t-butanol (1:10: 
0.4 ) M) at reflux until reaction was complete. 

10 Method G: 



^^OTs THF/DMF W/ 




OAr 



1 . The phenol (0.94mmol) was suspended in THF ( I M) under argon. I ml potassium .-butoxide 
solution (IM in THF) was then added, followed by the relevant tosylate (0.94naxnol.in 2ml 
DMF). The reaction was heated at reflux overnight, whereupon the solvents were removed 
under vacuum. 

20 JntermeHi^^ f^i: 

l-r4-Pvri^v|V?.hvHr oxvnvrroiiHiri ^ 
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HCI . E13N 

N^^y^oH In 




OH 



Scale: 5c, 57.4mmol 

5 

Method A. Work-up: the reaction mixture was cooled in an ice bath for 1 hour. The resultant 
white solid was filtered off and washed with ice water (30 ml) and dried overnight in vacuo in 
the presence of silica gei. The product was given as fine white powder. 
Yield 5.78g(61%). 
10 Rf = 0. 1 (1 0%MeOH/l "/oNH^OH/CHjCI,) 

'H-KMR (200MH2. DMSO-dj: 5 = 2;0 (m. 2H). 3.22 (m. 1 H). 3.7 (m, 3H). 4.4 (m. I H), 5.0 
(s. OH), 6.32 (m, 2H). 8. 1 5 (m. 2H). 
MS(ESP+): m/e 165 (M+H)*. 

15 rR)-l-r4-P vridvn-3.hvdroxvnvrTnliriinp 

Made by the method used for racemic material. The NMR spectrum, mass spectrum and R^ 
were as for the racemic material, and the R enaniiomer gave an optical rotation-Cao) of -22.5 
(c=10mG/ml. McOH). 

20 

CSV 1 -< 4-Pvridvn-3-hvdroxvpvrTolidinp 

Made by the method used for racemic material. The NMR spectrum, mass spectrum and R^ 
were as for the racemic material, and the S enantiomer gave an optical rotation (ap) of +22.7 
25 (c=10mL'/ml. MeOH). 

I -f4-Pvridvn-4-hvdrox\ pincridine 
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HN y-OH . Vn^ >-0H 



Scale: 26.9g. 0.266mol 

5 



Method A. using 4-hydroxypiperidine. Work-up: pH adjusted to 14 with aq. NaOH. Solid 
product flhered. Taken up with H,0 & pH adjusted to 8.5. The solid product was filtered-, 
dissolved in MeOH & preadsorbed onto silica. Column chromatography, elutinc with 
10%MeOH/CH>CK. increasing to 20%MeOH/5»/o'PrNH,/CHXU gave the product as a stick 
10 solid. 

Yield 22.25G (47»/o). 

Rr= 0.25 (20%MeOH/l%NH4OH/CH,CI;) 

'H-NMR (DMSO-dJ: 6 = 1 .4 (m. 2H). 1 .6 (m. 2H). 3.05 (m, 2H). 3.5 (m. 3H). 6.6 (m. 2H), 
8.1 (m, 2H). 
15 MS (ESP+): m/'e ! 79.5 (M+Hf. 

l-<'t-butO><vcarbonvlV'.-r5-trin.inrn m ethvl.'>-pvridvlo\-v1pvrrnliHiri f> 



BOCN 




3 

20 Scale; 4.99g, 24.9mmol 

Method B, using 1 -{t-butoxycarbonyl)-3-hydroxypyrrolidine. The crude product was partially 
purified by column chromatography on silica, eluting with 1 0%MeOH/CH.,CK. Further 
purification by column chromatography on silica, eluting uiih ! 0%Ei.,O/CH,CI,. gave the 
25 product as an oily solid. 
Yield 7.44g (S3%). 
R, = 0.81 (lO-lo Et.O'CHXI,) 



;H-NMR (200MH2. CDCI,): o = 1.48 (s, 9H). 2.2 (m. 2H). 3.6 (m, 4H). 5.6 (m. LH). 6.6,(d. 
IH). 7.77 Cdd, IH), 8.42 (s. I H). 
MS (ESP+): m/e 333 (M+H)*. 

5 3-f5-lrinuoromethvl- 2-r)vridvlnvvWi-rnliHin p 




Scale: 7.34g, 22mmol 



10 



Method C. The solvents were evaporated and the residue partitioned between £1,0 and aq. 
HCl. The aqueous layer based basifled with K,CO, and extracted with CH,Ci, . The organic 
phase was dried over anhydrous Na^SO^ and evaporated to give an orange gum. 
Yield = 3.3e (64%) • 

15 Rf = 0.83 (l0%MeOH/I%NH4OH/CH,Cl,) 

'H-NMR (200MH2. CDCI,): 6 = 1.95 (m. IH). 2.15 (m. 1 H). 2.95 (m. IH). 3.16 (m. 3H). 5.53 
(m. IH). 6.78 (d, IH). 7.74 (dd. IH). 8.42 (m. IH). 
MS (ESP+): m/e 233 (M+H)". 

20 l-ri-butO\YCfirbonvl)-4-r5-triflnnrnm^|^ v l.2.nvr.Hvlnyv^nip^riHin>. 




BOCN, >— O 




CF3 



Scale: 4.99c. 24.9mmol 



Method B. The crude product was panially purified by column chromatography on silica, 
eluting with EtOAc/hexane (0% to 25% in increments of 5%). 
R( = 0.42 (20%ElOAc/hexane) 
5 'H-NMR (200MHz. CDCI3): 6 = 1 .48 (s. 9H). 1 .75 (m, 2H). 2.0 (m. 2H), 3.3 (m. 2H). 3.78 
(m. 2H). 5.5 (m. IH), 6.78 (d, IH). 7.77 (dd, IH). 8.4 (s. IH). 
MS (ESP+): m/e 347 (M+H)*. 

4-C5-trinuorom eihvl-2-pvridvloxv'>pineridine 

10 



HN 




Scale: 9.2g (impure), ca. 25mmol 

1 5 Method C. The solvents were evaporated and the residue panitioned between CH,Cl2 and aq. 
K,COj. The organic phase was dried over anhydrous Na^SOj and evaporated to give an 
orange gum. After trituration with Et,0 the product was isolated as an off-white solid. 
Yield = 3.58g (55%) 

Rr = 0. 1 9 ( 1 0%MeOH/l %NH,OH/CH2Cl2) 
!0 'H-NMR (250MH2. CDCl,): 5 = 1.7 (m. 2H). 2.1 (m. 2H). 2.85 (m. 21-1). 3.15 (m. 2H), 5.25 
(m. 1 H). 6.75 (d. 1 H), 7.75 (dd, 1 H). 8.4 (d, 1 H). 
MS (ESP+): m/e 247 (M+H)*. 

l-(t-buio.xycarbonyl)-4-(5-bromo-2-pyridyIoxy)piperidine 

5 



70 



*'CT/CB97/00282 




Scale. 0.79g, 3.93mmol 

Method: under argon. I-(t-butyloxycarbonyI)-4-hydroxypipcridine (0.79 g. 3.93 mmol). 5- 
5 bromo-2-pyridonc (0.49 3.02 mmol) and triphenylphosphinc ( 1 . 1 4 4.35 mmol) werd 
dissolved in THF (20 ml). To the mixture was added diisopropylazodicarboxylate (0.91 ml, 
4.62 mmol) dropwise at ambient temperature followed by stirring for 18 hours. The mixture 
was concentrated in vacuo and applied to the top of a silica column. Elution with solvent of 
increasing concentration of EtOAc in CH2CI2 and evaporation in vacuo of the relevant 
10 fractions gave the product. 
Yield = 640ms (61%) 
R, = 0.63 (EtOAc) 

'H-NMR (200MHz, CDCI3): 5 = 1.46 (s. 9H), 1.7 (m. 2H), 1.92 (m, 2H). 3.25 (m. 2H). 3.75 
(m, 2H), 5. ] 5 (m, 1 H). 6.6 1 (d, 1 H), 7.6 1 (dd. 1 H). 8. 1 3 (d. 1 H). 
15 MS (ESP+): m/e 357/9 (M+H)*. 

4-r5-bromn -2-pvridvloxv'>piperidine 



HN 




Br 

20 Scale: 4.99g. 24.9mmol 



Method C. The solvents were evaporated and the residue partitioned between Ei.-Oand aq. 
HCI. The aqueous layer based basified with K.CO, and extracted with CH.CU . The organic 
phase was dried over anhydrous Na,SO, and evaporated to give an oraniie i:um. 



PGT/GB97/00282 
. Yield = 380mg (90%) 

Rf = 0.43 (20%MeOH/l%NH4OH/CH,Cl2) 

'H-NMR f250MH2, CDCI3): 6=1.7 (m. 2H). 2.05 (m. 2H). 2.77 (m. 2H). 3. 14 fm. 2H). 5.08 
(m, ] H). 6.6 1 (d. I H). 7.66 (dd, 1 H). 8. 1 5 (d. 1 H). 
5 MS fESP+): m/e 257/9 (M+H)*. 



(R).l.M-pvridvn-3-rn-loluenesnlph o nvlnyv)pvrTr.[{ ^jn» 



N 



/ 




10 




OH 



Scale: 1.0 c. 6.1 mmol 



TsCI. EtjN 



CHjClj 




OTs 



Tosyl chloride ( 1 .28g, 1 . 1 equivalents was added to a suspension of the aicohol and 
triethylamine (0.92g. 1.1 equivalents) in dichloromeihane (10ml). A solution gradually 
15 formed. After stirring overnight, the solution was washed with saturated aqueous sodium 
bicarbonate solution, dried over sodium sulphate, filtered and evaporated. The residue was 
purified by column chromatography, eluting sequentially with CH,C1,; 

5%MeOH/CH,Cl,:I0%MeOH/l%NH.,OH/CH,Cl2 giving a light brown solid. 
Yield = I.H g (58%) 

20 R, = 0.32 (IO%MeOH/l%NH40H/CH,Cl2) 

'H-NMR (300 MHz. CDCI3): d = 2.20 (m, IH). 2.33 (m. IH), 2.45 (s. 3H). 3.45 (m. 4H). 5.21 
(m. IH). 6.32 (d. 2H), 7.38 (d. 2H), 7.79 (d, 2H). 8.20 (d. 2H). 
MS (ESP+): m/e 3 1 9 (M+H)*. 

The (S.) enantiomer was made by an identical protocol starting from the (S) alcohol. 

25 

Examnie 64 

|-r4-pvridvn-4.fs.m(>thvi.2-pvHHv ioxvipip ^riH;n^ 



71 




Scale: 500mg. 2.8mmol 

Method B, using l-(4-pyridyI)-4-hydroxypiperidine and 2-bromo-5-methylpyridine. The 
5 crude product was purified by column chromatography on silica, eluting with CH-,Cis, then 
EtjO. then 

10%MeOH/l%NH<,OH/CH,CK. The product was isolated as an orange solid. 
Yield = 349me (46%) 

Rf= 0.58 (10%MeOH/l%NH,OH/CH,Cl2) 
10 'H-NMR (200MH2. CDCI3): 6 = 1.83 (m. 2H). 2.06 (m, 2H), 2.22 (s, 3H). 3.3 (m. 2H). 3.65 
(m.-2H),5.25 (m. IH), 6.65 (m, 3H). 7.38 (dd, IH). 7.92 (m, 1 H). 8.25 (dd, 2H). 
MS (CI): m/e 270 (M+H)*. 

Found: C,70.9; H.7.1; N,15.3; C.^H^NjO requires: C71.3; H,7.1 1; N,15.6%. 
'5 The I;f4-Dvridvn-4-hvdroxvpip<'r;Hm^ was prepared as follows: 




HN VoH N^^-N 





OH 



Scale: 26.9g. 0.266mo] 

0 

Method A. using 4-hydro.xypiperidine. Work-up: the pH was adjusted to 14 with aq. NaOH. 
The solid product was filtered, taken up with HjO & pH adjusted to S.5. The solid product 
was filtered, dissolved in MeOH & preadsorbed onto silica. Column chromatography, eluting 
with 1 Oo/oMeOH/CHzCK and increasing to 20%MeOH/5%'PrNH;/CH,Cl. gave the product as 
5 a sticky solid. 

Yield 22.25g (47%). 

R, = 0.25 (20%MeOH/I%NHjOH/CH,CU) 



. 'H-NMR (DMSO-dJ: 6 = 1.4 (m. 2H), 1.6 (m. 2H). 3.05 (m. 2H). 3.5 (rfi. 3H)/^6.6 (m. 2H). 
8.1 (m. 2H). 

MS (ESP-!-): m/e 179.5 (M+H)\ 

5 Example fiS 

I -r4-nvridvn-4-(- 5-cvano-2-nvriHv| 9 xvVp^r;^ i n^ 




10 Scale: 500mg. 2.8mmol 

Method B. using l-(4-pyridyl)-4-hydroxypiperidine and 2-chloro-5-cyanopyridine. The crude 
product was dissolved in CHXlj. adsorbed onto silica and purified by column 
chromatography, eluiing with 10%MeOH/l%NH,OH/CHXI,. The residue was further 
15 purified by column chromatography, eluting with 5%MeOH/l "/oNH^OH/CHiCK. The residue 
was suspended in ethyl acetate and a solution of dry HCI in ether added. The hydrochloride 
salt was filtered off and suspended in water. The pH was adjusted to 14 with aq NaOH and 
the product extracted into ethyl acetate/mcthanol (ca. 10:1). The organic phas^was washed 
with brine. After evaporation, the product was triturated with ether, giving an orange solid. 
20 Yield = 48mg (6%) 

Rf = 0.58 (lOyoMeOH/P/oNH^OH/CH^CU) 

'H-NMR (200MH2. CDCI3): 5 = 1 .9 (m. 2H), 2. 12 (m. 2H). 3.3 (m, 2H). 3.7 fm. 2H). 5.38 
(m. 1 H), 6.7 (m, 2H). 6.8 (d. 1 H). 7.8 (dd, I H). 8.3 (m, 2H). 8.48 (m. 1 H). 
MS (ESP-i-): m/e 281 (M+H)*. 

25 

Exnmpip ( >r> 

l-(4-pvridvn.4-r5-chloro-2-nvriHvln W)nip <>ri^r^ 



fci70By7/uu:i«i 




Method B, usmg l-.C4-pyridyl)-4-hydroxypipendine and 2,5-dichloropyridine. The reaction 
5 mixture was partitioned between aq. HCl and CH.CU. The aqueous phase was adjusted io pH 
14 with aq. NaOH and extracted with CH^CI^. The organic phase was washed with brine, 
dried over anhydrous Na,SO, and evaporated. The residue was purified by column 
chromatography on silica eluiing with CH,CU. then Et^O. then 5%MeOH/l %NH,OH/CH,CK 
to give the product as a white solid. 
10 Yield = 303mg (38%) 

Rr= 0.5(1 0%MeOH/l%NH,OH/CH,Cl,) 

'H-NMR (200MHz. CDC\,): 5 = 1 .9 (m, 2H), 2.1 (m, 2H). 3.3 (m, 2H). 3.68 (m. 2H), 5.25 
(m. 1 H). 6.7 (m. 3H), 7.53 (dd, I H). 8.07 (m. 1 H), 8.28 (m, 2H). 
MS (CI): m/e 290 (M+H)*. 

15 

Example 67 

l-f2 . 6-dimCthvl-4-pvridv|)-4.f5.trin>ioromethvl-7.pvrjH v |oxv-)nineriHm>. 




20 CF3 
Scale: 300mg, 1.22mmol 



PCT/GB97/00282 

. Method A. using 2.6-dime,hyl-4-chloropyndine (see T. Kato. H. Hayash. & t. Anzai- Chen, 
PMarm. Bull, 15. 1967, ' ^^3- 1 348) and 4-(5-crinuoromethyl-2-pyridyloxy)pipendinc in a 
watcr/n-propanol (1:10) solvent mixture. The solvents were evaporated and the residue 
purified by column chromatography on silica, eluting with CHjCK, then 

5 5%MeOH/l%NH.OH/CH,Cl,. then IOo/oMeOH/|o/oNH.OH/CH,CI,, giving the product as a 
yellow glass. 

Yield = 17lmg (40%) 

Rf = 0.36 (10%MeOH/l%NH4OH/CHjCl,) 

'H-NMR (200MHz. CDCI3): 6 = 2.0 (m. 2H). 2.1 (m, 2H). 2.6 (s. 6H), 3.6 (m. 2H). 3.8 (n. 
10 2H). 5.48 (m. IH). 6.46 (s. 2H). 6.84 (d. IH). 7.8 (dd, IH). 8.07 (m, IH). 8.42 (m. IH). 
MS(ESP+): m/c 352 (M+H)'. 

The precursor 4-(5-irin^.Oromethvl-^-pvridv|ovv)pip.rirfin r- was made in three steps from 4- 
hydroNypiperidinc as follows: 

15 

•) l-n-bmoxvcarbonvh. 4-hvdrf)vvDineridinp 




BOCN, )— OH 
20 

Scale: 44.!4g, 0.44mol 



4-Hydroxypiperidine (44.l4g. 0.44mol) was suspended in CH.Cl, (1 50ml) and colled in an 
ice-bath. A solution of di-t-butyl dicarbonate (lOOg. 0.46mol) in CH^Cl, (I lOmI) was added 
25 slowly. After stirring overnight the product was partitioned between water and CH,C1,. The 
organic layer was washed with brine and dried over anhydrous magnesium sulphate. 
Filtration and evaporation gave the product as a white solid. 
Yield 95g (quantitative, crude). 
R, = 0. 1 8 (20% EtOAc/CHjClj) 

30 'H-NMR (200MHz. CDC!,): 6 = 1.45 (s. 9H). 1.43 (m. 2H). 1.85 (m. 2H). 3.04 (m. 2H). 4.85 
(m. IH) 



MS (CI+): m/c 201 (M+H)*. 

~) ^-r^-butp^•vc,^rbonV^V4-r^-t^innomm^rhv ^.2-nv^iHvlnvv)nipe^iri.•n^ 



BOON 




3 

Scale: 4.99g. 24.9mmol 

Method B, using l-(t-butyloxycarbonyl)-4-hydrox.vpiperidine and 2-bromo-5- 
10 trifluoromethylpyridine. The crude product was partially purified by column chromatography 
on silica, eluting with EtOAc/hexane (0% to 25% in increments of 5%). 

Rr = 0.42 (20%EtOAc/hexane) 

15 'H-NMR (200MHz, CDCI3): 6 = 1.48 (s. 9H). 1.75 (m. 2H), 2.0 (m. 2H). 3.3 (m. 2H). 3.78 
(m, 2H). 5.3 (m. 1 H), 6.78 (d. IH), 7.77 (dd, IH). 8.4 (s. IH). 

MS (ESP+): m/e 347 (M+H)*. 
20 3) 4-(5-trif]unromethvl-7.p vHdvlnvv) p ip prj^jn^ 




Scale: 9.2g (impure), ca. 25mmoI 



7? 



. Method C. The solvents were evaporated and the residue paniiioned between tH.CI, and aq 
KXOj. The organic phase was dried over anhydrous Na,SO, and evaporated to give an 
orange gum. After trituration with EuO the product was isolated as an off-white solid. 
Yield = 3.58g (55%) 
5 Rr = 0. 1 9 ( 1 0%MeOH/I "/oNH.OH/CHXU) 

'H-NMR (250MH2. CDCI3): 5 = 1.7 (m, 2H). 2.1 (m, 2H). 2.85 (m. 2H). 3.15 (m. 2H). 5.25 
(m. IH). 6.75 (d. IH), 7-75 (dd. IH). 8.4 (d, IH). 
MS (ESP-t-); m/e 247 (M+H)*. 

iO Example 68 

|-f2-mgthv|-4.pvridv|)-Vr5-tri fltinromri hv|.7.nvr.Hvlnxv)nvrrnliHinP 



15 Scale: 500mg, 2.1 6mmol 



Method A, using 2-methYl-4-chloropyridine (see T. Kato, H. Hayashi & T. Anzai: Chem. 
Pharm. Bull,. 15. ]967. 1 343-1 348) and 3-(5-trifluoromethy]-2-pyridyloxy)pyrTolidine. The 
solvents were evaporated and the residue was purified by column chromatography on silica. 
!0 eluting with Et,0. then EtOAc. then SVoMeOH/P/oNH.OH/CH.CIj. then 
1 0%MeOH/l %NH,OH/CH,Cl,, giving the product as a white foam. 
Yield = 175mg (25%) 
Rf = 0.35 ( 1 0%MeOH/l %NH^OH/CH,Cl2) 

'H-NMR (200MH2. CDCI3): 5 = 2.45.(m, 2H), 2.65 (s. 3H). 3.68 (m, 3H). 3.75 (dd. 1 H). 5.83 
5 (m. IH).6.35(m. !H),6.47(dd, IH).6.84(d. IH). 7.S2(dd. 1 H). 8.07 (d. IH). 8.45(m. 1 H). 
MS (ESP+): m/e 324 (M+H)*. 

The precursor 3-(5-irif1uoromethvl-^.pvr, vt^.i ox-v-ynvrTnliHin^ was made in three steps from 3- 
hydro.Nypyrrolidine as follows: 



1 ) l-ft-butONvcarhnnvn.-;-hvHr^>;vp vrrf)lidine 



P.CT/(;B97/00282 




BOCN 



Scale: 5.0g. 57.0mmol 



5 

A solution of 3-hydroxypyrrolidine (5.0g. 57.0mmol) in Cf-I,CI, fl25ml) was added to an 
cold solution ofdi-i-butyl dicarbonate (I3.15g, 60mmoi) in CH.CU fl25ml). After stirrins 
overnight the solvents were evaporated and the residue purified by column chromatocraph> 
on silica, eluting with CH.CU. then EtjO. then EtOAc, giving the product as a white solid. 
10 Yield 10.4g (98%). 
R, = 0.23 (Et,0) 

'H-NMR (250MH2. CDCI^): 6 = 1.42 (s. 9H). 2.0 (m, 3H). (m. 3H). 4.4 ,m. I H). 
MS (CI-): m/e 188 (M+H)*. 



ice- 



^) l -ft-btlIQXVCarbonvn-"^-CS-trifliinrn m ethvl.-7-pvndvlnN-v1pvrrr.ljr ^ 



ine 



BOCN 




Scale: 4.99g, 24.9mmol 

0 Method B. using 1 -(t-butoxycarbonyl)-3-hydroxypyrTolidine and 2-bromoo- 

irinuoromethylpyridine. The crude product was partially purified by column chromatouraphv 
on silica, eluting with 1 0%MeOH/CH,Cl,. Further purification by column chromatographv 
on silica, eiuiing with 1 0%Et,O/CH,CU. gave the product as an oily solid. 
Yield 7.44g (83%). 

) R, = 0.8! (10% Et,0/CH,CI,) 

'H-NMR f200MH2. CDCI3): 6 = 1 .48 (s. 9H). 2.2 (m. 2H). 3.6 (m. 4H). 5.6 ,m. I H). 6.6 fd. 
IH). 7.77 (dd. IH). 8.42 (.s. IH). 



' MS (ESP+): m/e 333 (M+H)*. 

3) 3-f5-lrifluorompfhvl-9- nvriHvlnyvWrroliHing 



5 




Scale: 7.34g, 22mmol 



Method C. The soivenis were evaporated and the residue partitioned between Et:Oand.aq. 
HCI. The aqueous layer based basified with KXOj and extracted with CHXlj . The organic 
10 phase was dried over anhydrous Na,S04 and evaporated to give an orange gum. 
Yield = 3.3g (64%) 

Rf = 0.83 (10%MeOH/l»/oNH^OH/CH2CIj) 

'H-NMR (200MH2, CDCI3): 5 = 1.95 (m. IH). 2.15 (m. 1H).2.95 (m. 1 H), 3.1 6 (m, 3H), 5.53 
(m, IH). 6.78 (d. IH). 7.74 (dd. IH), 8.42 (m, IH). 
15 MS (ESP+): ni/e 233 (M+H)*. 



PCT/GB97/00282 



Example 69 

l-f2-methv|-4-Dvridvn-4-r5-trini m romeihvl.-7.nvriHvlnyv)niperidine 



20 




Scale: 300mi!. 1.22mmol 



Method A. using 2-meihy|-4-chloropyridine and 4-(5-lrinuoromelhyi-2- 

pyridYio.\y)pipcridme. The .solvents were evaporated and the residue was punficd bv column 

«0 



c;hromaU3graphy on silica, eluting with EtjO, then EtOAc. then 

SVoMeOH/iyoNH^OH/CHjCI^. then IC/oMeOH/r/oNH^OH/CH^Cl;. giving the product as a 
yellow oil. 
Yield = 76mg ( 1 8%) 
5 Rf = 0.54 (lOVoMeOH/lVoNH^OH/CHjClj) 

'H-NMR (200MHz, CDCI3): 6 = 2.0 (m, 2H). 2. 1 5 (m. 2H). 2.6 (s. 3H), 3.6 (m. 2H). 3.8 (m. 
2H), 5.48 (m. 1 H), 6.6 (m. 1 H). 6.72 (dd, I H). 6.82 (d. 1 H). 7.8 (dd. I H). 8.25 (d, I H), 8.43 
(m, IH). 

MS fESP+): m/e 338 (M+H)*. 

0 

Example 70 

1 -f4-pvridvn-4-r 5-bromo-2-pvridvloxv)piperidine 




Br 



15 Scale: 360mg, 1.4mmo! 

Method A. using 4-(5-bromo-2-pyridylo.xy)piperidine. The solvents were evaporated and the 
residue partitioned between CH2Cl2and aq. KiCOj. The organic phase was dried over 
anhydrous Na^SO^ and evaporated. The residue was purified by column chromatography on 
20 silica, eluting from l%MeOH/l V0NH4OH/CH2CI; to 1 0%MeOH/l%NH4OH/CH,Cl, (in ]% 
increments), giving the product as a while solid. 

Yield = 285mg (61%) 

R, = 0.61 (20%MeOH./r/oNHiOH/CH>CI,) 
25 'H-N.MR (200MHz. CDCI3): 6 = 1 .85 (m. 2H). 2.08 (m. 2H). 3.32 (m, 2H). 3.65 (m. 2H). 5.25 
(m. IH). 6.65 (m. 3H). 7.65 (dd. IH). 8.17 (d. IH), 8.25 (m. 2H). 

MS (CK): ni/e 334 (M-^H)*. 

«l 



WU y7/2»12« 

PCT/GB97/00282 



• Found; C.53.0; H.4.7; N.12.2; C,3H.,BrN3O.(0.25H,O) requires: C53. 1 : H.5.06: NM2 



4% 



The precursor 4-(5.bromo-2-pyridyIoxy)piperidine u-as prepared in two steps from 1 -(,- 
buto.\ycarbonyI)-4-hydroxypiperidine as follows; 

5 



•) l-(l-bm0NVCarb0nvn-4.r^.hrnmn-7.pvr; d vlnvxOp;p priH; 



me 




BOCN 



Scale; 0.79£, 3.93mmol 

10 

Method: under argon. I -(t-butyloxycarbonyI)-4-hydroxypiperidine (0.79 », 3.93 mmol). 5- 
bromo-2-pyridone (0.49 g, 3.02 mmoi) and triphenylphosphine (1.14 g, 4.35 mmol) were 
dissolved in THF (20 ml). To the mixture was added diisopropylazodicarboxylate (0.91 ml. 
4.62 mmol) dropwise at ambient temperature followed by stirring for 18 hours. The mixture 
15 was concentrated in vacuo and applied to the top of a silica column. Elution with solvent of 
increasing concentration of EtOAc in CHiCh and evaporation in vacuo of the relevant 
fractions gave the product. 

Yield = 640mg (61%) 
20 R, = 0.63 (EtOAc) 

'H-NMR (200MH2. CDCI3): 6 = 1.46 (s. 9H). 1.7 (m, 2H). 1.92 (m. 2H). 3.25 (m. 2H). 3.75 
(m. 2H). 5.15 (m, IH). 6.61 (d. IH). 7.61 (dd. IH). 8.13 (d. 1 H). 
MS (ESP+): m/e 357/9 (M+H)*. 

25 2) 4-f?.bromo-2-pvridvloxv^pip^ r;H;n>. 



«1 



If CI "/O BV 




Br 



Scale: 4.99g, 24.9mmol 

Method C. The solvents were evaporated and the residue paniiioned between Et;0 and aq. 
5 HCl. The aqueous layer based basified with K,COj and extracted with CHnCI, - The- organic 
phase was dried over anhydrous Na^SOj and evaporated to give an orange gum. 
Yield = 380mg (90%) 

R, = 0.43 QOroMeOH/r/oNH.OH/CHjCU) 

'H-NMR f250MHz. CDCI3): 6 = 1.7 (m. 21-1). 2.05 (m. 2H). 2,.77 (m. 2H). 3.14 (m. 2H). 5.08 
10 (m. IH), 6.61 (d. IH), 7.66 (dd, !H), 8.15 (d, ! H). 
MS (ESP+): m/e 257/9 (M+H)*. 

Exannpte 71 

|-(-4-Dvridvn-4-r5-trifluororhethvl-2-pvridvloxvViperidine 

15 




Scale: 7]4mg, 4mmo! 

Method B. using 1 -(4-pyridyl)-4-hydroxypiperidine and 2-bromo-5-trinuoromethyIpyridine. 
The solvents were evaporated and the residue was purified by column chromatography on 
0 silica, eluting from l%MeOH/l%iPrNHv'CH,CU to 5%MeOH/5%iPrNH,/CH,CK (in 1% 
increments). A second column, eluting with l%MeOH/l%NHjOH/CH-,Cl2 to 
10%MeOH/l%NHjOH/CH3Cl: (in 1% increments), gave a dark oil, which was extracted with 
Et,0/hexanc. Evaporation and washing with hexane gave the product as a light brown solid. 
Yield = 674nig (52%) 



^3 



wyjyn^o.^o PC 170897/00282 

. Rf = 0.52 (IO%MeOH/]%NH,OH/CHjCU) 
'H-NMR (200MHz. CDCI3): 6 = 1 .9 (m, 2H). 2.1 (m, 2H), 3.32 (m. 2H). 3.68 f m. 2H). 5.38 
(m, J H), 6.70 (d. 2H), 6.62 (d, 2H), 7.77 (dd. 1 H). 8.27 (d, 2H). 8.44 (s. 1 H). 
MS CESP+): m/e 324 (M+H)\ 

5 Found: C.57.7; H.5. 1 ; N.I 2.4. C,e.H,4F,N3O.C0.5H,O) requires: C57.S; H.5. 1 5; N. 1 2.64%. 
Fxnmple 72 

l.r4-pvridv|•)-4-r5-^itro-2-r)v^idvl oxv^p jpp^i<;^in'• 




Method B. using l-(4-pyndyI)-4-hydroxypiperidine and 2-bromo-5-nitropyridine. The 
solvents were evaporated and the residue was columned on silica, eluting from 
15 l%MeOH/i»/oNH,OH/CH,Cl, to IO%MeOH/l%NH,OH/CH,CU fin I % increments), givim 
a brown solid. After recrystaliisation from methyl t-butyl ether, the product was isolated as a 
orange solid. 
Yield = 70mg (10%) 

Rr = 0.39 (1 0%MeOH/l VoNHaOH/CHjCU) 
20 'H-NMR (200MHz. CDCI3): 6 = 1 .9 (m. 2H), 2.15 (m, 2H). 3.33 (m, 2H). 3.68 (m. 2H), 5.45 
(m, 1 H). 6.70 (dd. 2H). 6.82 (d. I H). 8.28 (dd. 2H). 8.35 (dd. 1 H). 9.06 (d, 1 H). 
MS (ESP+): m/e 301 (M+H)*. 

Example 7!^ 

25 l-(4-nvridvli-3-r^-b romo-2-pvridvloxv')pvrrolidine 



wo ^itiaim 




Br 



N 



Scale; 492mg. 3mmol 

5 Method B. using 1 -(4-pyridyl)-3-hydro.xypyrrolidine and 2,5-dibromopyridine. The crude 
residue was recrystallised from methyl t-butyl ether. 

Yield = 620mc (65%) 
R,-= 0.41 (J0%MeOH/l%NH4OH/CH;Cl2) 
10 'H-NMR (300MH2. CDCI3): 6 = 2.35 fm. 2H). 3.5 (m, 3H), 3.72 (dd, IH), 5.65 (m. IH), 6.38 
(m. 2H). 6.62 (d. 1 H). 7.64 (dd. I H), 8.2 (m. 3H). 
MS (ES.P-): m/e 320/2 (M+H)'. 

Found: C.52.9; H,4.6; N,12.8; C„H,4BrN30 requires: C52.5; H.4.4 i ; NJ 3. I'M.. 
15 The precursor 1 -f4-pvridvn-3-hvdr oxvpvn-olidine was prepared as follows: 



Method .A. Work-up: the reaction mixture was cooled in an ice bath for I hour. The resultant 
white solid was filtered off and washed with ice water (30 ml) and dried ovcrnisht in vacuo in 




20 



Scale: 5s2. 57.4mmol 



25 the presence of silica yel. The product was given as fine white powder. 
^'ield 5.7Sg (61%). 



85 



wo y7/2»i^» 



FCT/GB9 7/00282 



• R, = O.I (10%MeOH/I%NH,OH/CH2CU) 

'H-NMR (200MH2, DMSO-d^): 6 = 2.0 (m. 2H), 3.22 (m. I H). 3.7 (m. 3H). 4.4 firs. ! H). 5.0 
(s. OH), 6.32 (m. 2H). 8.15 (m, 2H). 
MS (ESP+): m/e 165 (M+H)*. 

5 

Example 74 

l-r4.Dvridvl'>-3-r5-trifluorometh vl-2-pvrifivloxv>pvrrnlijj n<r 



Scale: 648mg, 3.95mmol 

Method B. using I -(4-pyrid.vl)-3-hydroxypyrrolidine and 2-bromo-5-irifluoromethylpyridine. 
The crude residue was recrystallised from methyl t-butyl ether. 
15 Yteld = 710mg(58%) 

R,-= 0.28 (lO'/oMeOH/P/oNHjOH/CH^Clz) 

'H-NMR (300MHz, CDCI3): 5 = 2.38 (m. 2H). 3.55 (m. 3H). 3.75 (dd, 1 H). 5.7S (m. IH). 6.4 
(d. 2H), 6.8 (d, IH), 7.8 (dd. IH), 8.22 (d. 2H). 8.45 (m. IH). 
MS(ESP+): m/e 310 (M+H)'. 
20 Found: C.58.5: H.4.7: N.13.3; C.^Hi^FjN-O requires: C58.3; H,4.56; N.13.6»/o. 

Example 7S 

1 -( 4-pvridvn-'?- <' 5-nitro-2-r)vridvln\- v)pvrroiidinp 




10 




Scale: 500mg. 3.05mmol 



Meihod D, using !-(4-pyridyl)-3-hydroxypyrrolidine and 2-bromo-5-nitropyridine. The 
residue was purified by chromaiography on silica, eiuiing from I %MeOH/l %NH40H/CH2CI, 
to l0%MeOH/l%NH4OH/CH2CI; (in 1% incrcmems). The crude product was rccry-staliised 
from EtOAc to give a pale brown solid. 
5 Yield = 460mg (53%) 

Rf = 0.41 (10%MeOH/I%NH4OH/CH>CU) 

'H-NMR (300MH2. CDCI3): 6 = 2.4 (m, 2H). 3.58 (m. 3H). 3.8 (dd. I H). 5.85 fm. i H). 6.4 
(d. 2H), 6.82 (d. 1 H), 8.22 (m. 2H). 8.38 (dd. 1 H), 9.08 (s. I H). 
MS (ESP+): m/e 287 (M+H)\ 

10 

Example 76 

I -r4-pvridvn-3-f5-chloro-2-pvridvloxv^pvrrolidine 

15 

Scale: 500mg, 3.05mmol 

Method B. using l-(4-pyridyl)-3-hydroxypyTTolidjne and 2.5-dichloropyridine. The crude 
residue was rccrystallised from melhyi t-butyl ether. 
20 Yield = 570mg (68%) 

Rr= 0.50 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (300MH2. CDCI3): 5 = 2.35 (m. 2H), 3.5 (m. 3H). 3.7 (dd, 1 H). 5.65 (m. 1 H). 6.38 
(m. 2H). 6.65 (d. 1 H). 7.55 (dd. 1 H), 8. 1 (m, 1 H). 8.2 (m, 2H). 
MS (ESP+): m/e 276 (M+H)*. 

25 

Example 77 

f3R')-l-('4-pvridv l>-3-r5-nitro-2-nvridvloxv)nvrrolidine 



8^ 



PCT/GB97,00282 

NO, 





Scale: SOOme. j.OSmmol 



5 Method D. using (R)-l-(4-pyridyl)-3-hydroxypyrroIidine and 2-bromo-5-nitropyridinc. with 
1 hr reaction time. The crude product was rccrystallised from EtOAc/hexane. 
Yield = 480mg (55%) 
Rf = 0.41 (10%MeOH/l%NH,OH/CH,CI,) 

'H-NMR (300MHz. CDCI3): 6 = 2.4 (n% 2H). 3.58 (m. 3H). 3.8 (dd. IH), 5.85 (m. )H), 6.4 

1 0 (d. 2H). 6.82 (d. 1 H). 8.22 (m. 2H), 8.38 (dd. I H). 9.08 (s, I H). 
MS (ESP+): m/e 287 (M+H)'. 

The precursor (R)-l-(4-pyridyl)-3-hydro.xypyrrolidine was prepared in analogous manner 10 
the racemic material. The NMR spectrum, mass spectrum and R,- were as for the racemate, 
15 and the R enantiomer gave an optical rotation (uo) of -22.5 (c=iOmg/ml, MeOH). 

E.xample 7R 

nRV]-M-pvridv|'>-3-r5-hro mo-2-pvriHvioxv')pvrTnlj dinp 



, Br 



Scale: 500mg. 3.05mmol 

Method B. using (R)- 1 -(4-pyridy|)-3-hydroxypyrrolidine and 2,5-dibromopyridine The crude 
25 product was rccrystallised from EtOAc.'hexane. 
Yield = 550mg (57%) 

R, = 0.4! (IO%MeOH./l%NHjOH/CH,CK) 





'H-NMR (300MH2, CDCI3): 6 = 2.35 (m. 2H). 3.5 (m. 3H). 3.72 (dd. 1 HI. 5.65 (m 1 H) 6 38 
(m. 2H). 6.62 (d. I H). 7.64 (dd, IH), 8.2 (m, 3H). 
MS (ESP+): m/e 320/2 (M+Hf. 

Found: C.52.9-. H.4.5; N.l 3. 1 ; C,4H,4BrN30 requires: C52.5; H.4.41: N.13.1%. 

5 

Example 79 

f3R)-]-f4-pvridvn- 3-f5-trifluoromethvt-2-pvridvloxv')pvrrolidine 




Scale: 500mg, 3.05mmol 

Method B. using (R)-l -(4-pyridyI)-3-hydroxypyrro!idine and 2-bromo-5- 
trifluoromethylpyridine. The crude product was recrystallised from EtOAc/he.xane. 
15 Yield = 230mg (24%) 

Rr= 0.39 (lOyoMeOH/iyoNH^OH/CHXU) 

'H-NMR (300MH2, CDCI3): 6 = 2.38 (m. 2H). 3.55 (m, 3H), 3.75 (dd, 1 H), 5.78 (m. 1 H). 6.4 
(d. 2H), 6.8 (d. 1 H). 7.8 (dd, 1 H), 8.22 (d, 2H), 8.45 (m. I H). 
MS(ESP^): m/e 310 (M+H)*. 
20 Found: C.58.6: H.4.8: N.13.4; CisH^F^NjO requires: C58.3: H.4.56; N.13.6%. 

Example 80 

(35)- 1 -(4-DvridvlV3-<' 5-triflu oromethvl-2-pvridvln.xv)pvrrolidine 




Scale; 500mL'. 3.05mmol 



W0 97/2U12U „^ 

PGT/GB9 7/00282 

• Method B. using (S)- 1 -f 4-pyridyl).3-hydroxypyrrolidine and 2-bromo-5- 

trifluoromethylpyridine. The crude product was recr>'stalliscd from EtOAc/hcxane. 
Yield = 300mG (32%) 

Rf = 0.39 (10%MeOH/I%NH,OH/CH2CI,) 

5 'H-NMR (200MHz. CDCI3): 5 = 2.38 (m.2H). 3.53 (m.3H), 3.76 (dd, lH).5.78(m. IH).6.4 
(d. 2H). 6.8 (d. 1 H). 7.8 (dd. ] H), 8.2 (d, 2H), 8.45 (m, 1 H). 
MS (ESP+). m/e 3 1 0 (M+H)*. 

Found: C.57.7: H.4.6: N,I3.2; C,,H.,F3N3O.{0. 16H,0) requires: C57.7: H.4.62: K.13.46o/„. 

10 The precursor (S)- 1 -(4-Pyridyl)-3-hydroxypyrrolidme was made by the method used for 
racemic material. The NMR spectrum, mass spectrum and R, were as for the racemate. and 
the S enantiomer gave an optical rotation (oo) of +22.7 (c=10mg/ml. MeOH). The staning 
(S)-3-hydro.xypyrrolidine was made from (S)-l -benzyI-3-hydroxypyrroIidinc (Fluorochem') bv 
hydrogenolysis of the benzyl group (M.M. Bowers Nemia. J. Lee and M.M. JouIIie: Synth 

15 Comm., 1983. 13. 1 17-1 123) 

Example Si 

f3$)-|-(4-pvr^•dvl)-^i-^^-hromo-^-pv^; d vln^•v^pvrrn |iH;n,. 



Br 



Scale; 500mg. 3.05mmol 

Method B, using (S)-U(4-pyridyI)-3-hydroxypyrrolidine and 2.5-dibromopyridine. The crude 
25 product was recrystalliscd from EiOAc'hexane. 
Yield = 476mg (49%) 

R, = 0.41 (IO%MeOH/!%NH.,OH/CH,CI,) 

'H-NMR (300MHz. CDCI,): 5 = 2.35 (m. 2H). 3.5 (m. 3H), 3.72 (dd. IH). 5.65 (m. 1 H). 6.3S 
(m. 2H). 6.62 (d. ! H). 7.64 (dd. ! H). 8.2 (m. 3H). 
0 MS fESP+): m./c 320./2 (.M+H)'. 

'\0 



wuy//x 1^0 I^CT/GB97/00282 
Found: C.52.5; H.4.5: N.I 2.9: C,4H,4BrN,0 requires: C52J; H.4.41; NJ3.1%. 



Kxample 82 

f3SVl-r4-pvridv|>-?-{5-nitro-2-nvridvlo.\v>nvrrnlidine 

5 




Scale: 500mg, 3.05mmol 



10 Method D. using (S)- 1 -f4-pyridyl)-3-hydroxypyrrolidine and 2-bromo-5-niiropyridine: with 
Ihr reaction lime. The crude product was recrysiallised from methyl t-butyl ether, sivine a 
pale yellow powder. 
Yield = 150mg (17%) 

Rf = 0.41 (lOVoMeOH/IVoNHjOH/CHjCI,) 
1 5 'H-NMR (200MH2. CDCI3): 5 = 2.4 (m, 2H). 3.55 (m. 3H), 3.8 (dd. 1 H). 5.85 (m. 1 H). 6.42 
(m. 2H). 6.82 (d. IH). 8.22 (m. 2H). 8.38 (dd, IH). 9.08 (d. IH). 
MS (ESP^): m/e 2S7 fM+H^- 



Example 83 

20 ]-('4-nvridvn-3-r5-methvoxvcarh onvl-->-pvrjdvloxv'>pvrrolidi-n r 




COjMe 



Scale: 2.0g, I2.2mmol 

25 

Method D. using 1 -(4-pyridyl)-3-hydro.\> pyrrolidine and methyl 6-chloroni 
crude product was rccrystalliscd from aqueous ethanol. 
Yield = :.4.";g (67%) 



^1 



wo 97/2«12« 



PCT/GB97/00282 



• Rf = 0.31 (lO'/oMeOH/IVoNH.OH/CHjClj) 

•H-NMR C200MH7.. CDCI,): 6 = 2.38 (m, 2H), 3.53 fm. 3H). 3.75 (dd. IH), 3.92 (s, 3H). 5.S 

(m. 1 H). 6.4 fd. 2H). 6.72 (d. 1 H), 8. 1 6 (m. 3H), 8.82 (m. 1 H). 

MS (ESP+): m/e 300 (M+H)*. 
5 Found: C.60.7; H.5.6: NJ3.0; C,4H,7N303.(H,0) requires: C60.5; H.6.0; N.I3.2%. 

Exnmple 84 

).C4-ovridvl)-3-f4-bromophenvloxv)pvrrolidine 



Scale: 2.44mmol 

15 Method E. using l-(4-pyridyl)-3-hydroxypyrroIidine and 4-bromophenol. The product was 
further purified by recrystaiiisaiion from MTBE. giving a white solid. 
Yield = 187mg (24%) 

R, = 0.49 (10%MeOH/l%NH,OH/CHXl2) 

'H-NMR aOOMHz. CDCI3): d = 2.3 (m. 2H). 3.5 fm, 3H), 3.65 (m. I H). 5.05 (m. 1 H). 6.4 
20 (dd. 2H). 6.78 (dd, 2H). 7.42 (dd. 2H), 8.25 (dd. 2H). 
MS (CI): nx'e 3 1 9 (M+H)*. 

Found: C.56.5: H.4.7: R8.7: C15H15BrN20 requires: C56.4; H,4.74: N.8.78%. 
Example S5 

25 l-(4-DvridvlV>-('4-t rifluorome(hvlphenv|oxvlnvrrnlidinp 



10 




o 



Scale: 2.44mmol 

Method E. using I -(4-pyridyl)-3-hydro.xypyrrolidine and 4-trifluorometh\ Iphenoi. The 
5 product was further purified by trituration with hexane. giving a while solid. 
Yield = 278mg (37%) 
Rf = 0.44 (lOyoMeOH/lVoNH^OH/CHiClj) 

•H-NMR (200MHz, CDClj): d = 2.35 (m, 2H), 3.55 (m. 3H). 3.72 (dd. IH), 5.14 (m. IH). 6.4 
(dd. 2H), 6.96 (dd. 2H), 7.60 (dd, 2H). 8.25 (dd. 2H). 
10 MS (CI); ni/e 309 (M+H)*. 

Found: C.62.0; H.5.0: N'.9. 1 ; C,6H,5FiN,0 requires: C62.3; H,4.90; N.9.09%. 

Example 8fi ^ 
|-(4-pvridvn-"-f 4-ftrinuoromethvlthio)phenvlo.xv)pvrrolidine 

15 




Scale: 2.44mmol 

20 

Method E. using I -(4-pyridyl)-3-hydroxypyrrolidine and 4-(trifluoromethylthio)phenoI. The 
product was further purified by trituration with diethyl ether, giving a white solid. 
Yield = 50mg (6%) 

Rr= 0.42 (10%MeOH/l%NHaOH/CH2Cl2) 
25 'H-NMR (200MH2, CDCIj): d = 2.48 (m. 2H). 3.77 (m. 3H). 3.92 (dd, I H). 5.22 (m, 1 H). 
6.68 (d. 2H). 6.92 (d. 2H). 7.61 (d. 2H). 8.16 (d. 2H). 
MS (CI): m/e 341 (M+H)'. 

Example 87 

30 I -M-pvridvn-.>-r4-f methvhhio^nhenvlo.xv^pvrrnliHip <» 



PCT/GB97/00282 



5 Scale. 3.2lmmol 



-SMe 




Method E. using I -(4-pyridyl)-3-hydroxypyrTolidine and 4-(methylthio)pheno!. The prodoct 
was funher purified by recrystallisaiion from MTBE. giving a while powder. 
Yield = 183mg (37%) 

1 0 R,- = 0.32 ( 1 0%MeOH/l %NH,OH/CH.Cl,) 

'H-NMR (300MH.. CDCI3): d = 2.25 (mJH). 2.36 (m. JH). 2,44 (s, 3H). 3.52 (m. 3H) 3.64 
(dd, JH). 5.04 (m. 1 H), 6.4 (d, 2H). 6.82 (d, 2H). 7.24 (d. 2H), 8.22 (d, 2H). 
MS (CI): m/e 287 (M+H)'. 

Found: C.67.3: H,6.4: N.9.7: C,«H,gN,OS requires: C67. 1 ; H,6.34; N.9.78%. 

15 

Example 88 

|-r4-Dvridv|)-'-r4-(triniioromeThv|^ x v'>phenv|r.N;v)nvrrnliHinP 



.OCF- 



20 




Scale: 2.44mmol 

.Method E, using 1 -(4-pyridyl)-3-hydroxypyrrolidine and 4-(trinuoromcthylo.Ky)phenol. The 
25 product vyas further purified by trituration with he.xane. giving a white powder. 
Yield = 325mg (4!°/o) 

R, = 0.32 (10%MeOH/l%NH,OH/CH,Cl2) 

'H-NMR (300MH2. CDCI3): d = 2.28 (m.lH). 2.38 (m. 1 H). 3.52 (m. 3H). 3.64 (dd. I H). 5.04 
(m. I Hi. 6.4 (d. 2H). 6.S5 (d. 2H). 7.18 (d. 2H). 8.22 (d. 2H). 



MS (CI): m/e 325 (M+H)'. 

Found: C.59. 1 ; H,4.S; N.8.9; C.^H, jFjN.O requires: C59.3: H.4.66; N.8.64%. 
Example 89 

5 l-f4-DvridvnO-M-chlorophenvlnv NOnvrTnliH;n^ 



.CI 




10 Scale: 2.44mmol 




was 



Method E. using i-(4-pyridyl)-3-hydroxypyrrolidine and 4-chlorophenol. The product 
further purified by rccrystallisation from MTBE, giving a white solid. 
Yield = 302mg (45%) 

15 R,-= 0.33 (lOyoMeOH/iyoNH^OH/CHnCI,) 

'H-NMR (300MHz. CDCI3): d = 2.25 (m.lH). 2.38 (m, JH). 3.5 (m, 3H), 3.64 (dd. IH). 5.02 
(m, 1 H). 6.38 (d. 2H), 6.82 (d. 2H). 7.24 (d, 2H). 8.22 (d, 2H). 
MS (CI): m/e 275 (M+H)*. 

Found: C.65.4; H.5.6: N. 10. 1 ; C,,H,,CIN,0 requires: C65.6; H.5.50: N.I 0.2%. 

20 

Example 90 

l-r4-pvndv|)-3-('4-nilrophenvlr>v v1pvrrf^|iW jn^ 




Scale; 1 .83mmoi 



PGT/CB97/00282 




• Method D. using I -(4-pyr,dyl)-3-hydroxypyrTolidine and 4-bromonitrobenzcne. The prod 
was purified by column chromatography, eluling sequentially wich CH.CU; 7% 

MeOH/CH,CK; 7%MeOH/lo/.NH.OH/CH,CI,: IO%MeOH/lo/„NH.OH/CH,CI,. giving a 
brown foam. 

5 Yield = 71mg (14%) 

Rf = 0.4 1 ( 1 0%MeOH/ 1 VoNH^OH/CH.CI,) 

'H-NMR (300MHz, CDCI3): d = 2.4 (m. 2H), 3.6 (m. 3H), 3.78 (dd, 1 H). 5.0 (m. IH) 6 4. 
(d. 2H). 6.98 (d, 2H). 8.22 (d, 4H). 
MS (CI): m/e 285 (M+H)*. 

10 

Example 91 

(3R)-l-f4-pvridv|)-">-r-; ^-dichlorn-?.pvri d vlnvvipvr r^|;Hin^ 



15 ON 
Scale: 1.83mmol 

Method B. using (3R)-l-(4-pyridyl)-3-hydroxypyrroiidine and 2.3.5-irichloropyridine. The 
20 product was purified by column chromatography, eluting sequentially with CH^I,:-7% 

MeOH/CH,C].,; To/oMeOH/Io/oNH.OH/CH.Cl,; 10%MeOH/l%NH,OH/CH,Ck. giving a 
brown foam. 

Yield = 494mg (87%) 
Rf = 0.31 {10%MeOH/l%NH,OH/CH2Cl2) 
25 -H-NMR (300MHz, CDCI3): d = 2.4 (m. 2H). 3.55 (m. 3H). 3.78 (dd. , H), 5.68 (m. I H). 6.42 
(d, 2H). 7.63 (d, 1 H), 8.02 (s. 1 H), 8.22 (d. 2H). 
MS (CI): m/e 310/31 2/3 1 4 (M+H)\ 

Found: C.52.8: H.4.2: N.13.2; C.,H,3CKN-,O.(0.4H,O) requires: C52.9: H.4.38: NM:,.24%. 
30 Example 97 



uci 



nR>-l-r4-DvridvlV3-r:>.5-dichlnro-7,p vridvlovvVvrTolidinc 

5 . 
Scale; 1.83mmol 

Method B. using (3R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2 J-dichIoro-5- 
irinuoromethylpyridine. The product was purified by column chromatography, eluiing 
10 sequentially with CH,CI,: 7% MeOH/CH.XI.; 7%MeOH/.l %NH,OH/CH,CI,; 

I0%McOH/l%NH,OH/CH,CI,. giving a brown gum which syas funhcr purified by trituration 
with ether. 

Yield = 69mG (11%) 

Rf = 0.36 ( 1 0%MeOH/l "/oNH.OH/CHjCU) 

15 

'H-NMR (300MH2. CDCI3): d = 2.55 (m. 2H). 3.8 (m, 3H). 3.96 (dd. 1 H). 5.86 (m. 1 H), 6.65 
(d. 2H). 7.9 (s. I H). 8. 1 8 (d. 2H). 8.36 (s, I H). 
MS (CI): m/e 344/346 (M+H)*. 

20 Example 91 

f3R)-|-r4-pvridviV'-r,-chlorn-?-p vridvlnvv^pvn -^[jHjp» 



25 

Scale: 1 .83mmol 



Method B. using (3R)- 1 -(4-pyridyl)-3-hydro.NypyrroIidine and 2.3-dichloropyndine. The 
product was purified by column chromatography, cluting sequentially with CM,CK: 7% 



. MeOH/CHjClj; V'/oMeOH/r/oNH^OH/CHjCij; 10%MeOH/l%NH,OH/CH,Gl,. giving an 
off-white sohd which was further purified by recr>'Siallisaiion from MTBE. 
Yield = 303mg (60%) 

Rf = 0.47 ( 1 0%MeOH/l %NH,0H/CH,Cl2) 
5 'H-NMR (300MH2. CDCI3): d = 2.4 (m. 2H), 3.55 (m. 3H). 3.78 (dd. !H). 5.75 (m. I H), 6.4 
(d. 2H), 6.85 (dd, IH), 7.62 (d. IH), 8.02 (m. IH). 8.2 (d. 2H). 
MS (CI): m/e 276/278 (M+H)*. 

Found: C,6 1.0; H,5.l; NJ5.4; C.^H.^CINjO requires: C61.0; H.5.I2; N.J 5.2%. 

10 Example 94 

1 -('2-methvl-4-pvridvn-3-f5- niiro-?-pvridvloxv1pvrrolidine 




N 

O N 
Scale: 318mg, 1.76mmol 

15 

Method A, using 2-methyI-4-chloropyridine and 3-(5-niiro-2-pyridy]oxy)pyrrolidine (made in 
an analogous manner to 3-(5-trifluoromeihyl-2-pyridyloxy)pyrrolidine above). The solvents 
were evaporated and the residue was purified by column chromatography on silica, eluting 
with EtjO, then EtOAc. then 5%MeOH/l%NH40H/CH2Cl2. then 
20 l0%MeOH/l%NH4OH/CH,Clj, giving the product as a yellow gum which was triturated with 
ether, giving a hygroscopic solid.. 
Yield = 171 mg (49%) 
R, = 0.28 (5%MeOH/l%NHjOH/CH,Cl,) 

'H-NMR (200MHz, CDCI3): d = 2.4 (m. 2H), 2.45 (s, 3H). 3.55 (m, 3H). 3.78 (dd. I H). 5.84 
25 (m. I H), 6.25 (m. 2H). 6.8 (d. I H). 8. 1 2 (d, 1 H). 8.36 (dd, I H). 9.08 (d. 1 H). 
MS (ESP+); m/e 301 (M-H)*. 



Fxample 9^ 
« *' 

i-r5-brOmO-2-DvridvIV4.r4-pvr.>fv|) p,pera7ip^ 



PCT/CB97/00282 



N 




N 



N 




Br 



A mixture of 1 -(4-pyridyl)pipera2ine (3.26 g, 20mmol) and 2 J-dibromopyridine (2.36 g) was 
heated gradually on an oil bath up to 200«C. At approximately I50»C a clear, slightly 
10 coloured melt was obtained and at approximately 1 80°C a vigorous reaction set in which 
caused the melt to darken markedly. The now-dark melt was heated at 200''C for 10 minutes 
then allowed to cool to room temperature. The solid reaction mixture was dissolved in 
methanol (100 mL) and poured into water (100 - 150 mL). The resultant precipitate was 

collected, washed with water, dried, then recrystallised from hot aqueous methanol to give the 
1 5 product (1 .6 g, 25% yield) as a buff-coloured solid: m.p. 1 76 - 1 80»C; NMR (DMSO-dg). 

3.32 (AH. m), 3.50 (4H. m). 6.72 (2H. m), 6.75 (IR d). 7.59 (IH. dd), 8.05 (3H, m); Found: 

MH+, 319/321; Ci4Hi5BrN4 requires MH+ 319/321. 

Example 9fi 

20 l-r4-pvndvl)-4-r r4-hcn7 vl oy v^nhenvlnvv->p.-p .r;^|^. 




Scale: D.Ommol 



25 



. Method E. using hydroquinonc monobenzyl ether and I -(4-pyridyl)-4-h; droxypipcridine. The 

residue was purified by column chromatography, eluting sequentially with HtOAc; CH,C!,; 

5=/oMeOh7CH3CU: IO%MeOH/CH,CU: 1 0%McOH/CH,CI, giving an off-whi,e solid/ ' 

Yield = 232mg( 13%) 
5 Rr = 0.25 ( 1 OVoMeOH/CHXK) 

'H-NMR (250MH2, CDCI3): 5 = 1 .95 (m. 4H). 3.30 (m, 2H). 3.65 (m. :H). 4.43 (m. 1 H). 5.02 

(s, 2H), 6.68 (m. 2H). 6.90 (m. 4H), 7.38 (m. 5H). 8.27 (d. 2H). 
MS (ESP+): m/e 361 (M+H)'. 

10 Example 97 

l-r5-nilro-2.pvrj(ivn-4-r4-pv ridvhpj pprp7,jny 



15 Scale: 350mg, 2J5mmol 



Method F, using 2-bromo-5-nitropyridine. The product was isolated by t'lltration of the 
reaction mi.xture. washed with water and dried azeotropically with toluene. 
Yield = 490mg (80%) yellow powder 
20 R, = 0. 1 5 ( 1 0'/oMeOH/CHjCK) 

'H-NMR (200MH2. DMSO-dJ: 6 = 3.52 (m. 4H), 3.92 fm, 4H). 6.82 fm. 2H), 6.98 (d, IH). 
8.23 (m,3H), 9.0 (d, IH). 
MS (CI+): m/e 286.6 CM+H)^ 

25 Example 9« 

l-r5-trinuornmfthvl-2-nvridvl V4-r4.pvp H vi)nipera7;p p 




too 
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S/:ale: ]L25mc. 2.0mmol 

Method F, using 2-bromoo-trifluoromethylpyriciinc. Purification by column chromatography 
on silica, eluting with CHjCI, and increasing gradually to I0%MeOH/CHXI, gave the 
5 product as an off-white solid. 
Yield = 150mg (24%) cream solid 
R, = 0.35 (lO'/oiMeOH/CHjCI,) 

'H-NMR (250MHz. CDClj): 6 = 3.5 (m. 4H). 3.82 (m. 4H), 6.66 (m, 3H).. 7.66 (dd. IH), 8.28 
(m. 2H). 8.42 (m, I H). 
10 MS(CI+): m/e 309 (M+H)*. 

Found: C.58.4: H.4.9; N J 7.9; C.jH.jFjN, requires: C58.4; H.4.90; N.18.2%. 

Example 99 

l-f4-nvridvn-3-r 4-ben7vloxvohennxv'>nvrTolidine 

15 




Scale: 2.6 g, 8.52 mmol 

20 Method A using 4-chloropyridine hydrochloride and 3-(4-benzyioxyphenoxy)pyrrolidine 
hydrochloride. The reaction mixture was taken to pH 8.5 using aqueous NaOH solution and 
the product was extracted with CH^Cl,. The combined organic extracts were washed with 
brine, dried fNa,S04) and concentrated in vacuo, and the residue columned on silica, eluting 
with lO'/oMeOH/IVoNHjOH/CHjCU, giving a yellow gum. 

25 Yield = 1.55 g (53%) 

R, = 0.35 (IO%MeOH/I%NH,OH/CH2Cl2) 

'H-NMR (200 MHz. d^DMSO): d = 2.24 (m. 2H). 3.40 (m. 3H). 3.64 (dd. I H). 5.05 (s. 2H). 
5.07 (m. IH). 6.52 (d. 2H). 6.93 (m. 4H). 7.40 (m. 5H). 8. 1 1 (d. 2H). 



PCr/GB97/00282 

• MS (ESP+): m/c 347 (M+H)'. 

Found; C. 74.3; H 6 4- N 7 7- r w m n ctr /-> 

n.o.H, iM././. (_jjH2>N2O,.0.5H,O requires: C.74.2: h'.6.2; N.7.9% 

The precursor 3.(4.bc„zy,oxyphe„oxy,py,,olidinc hydrochloride w.s prepared in ,wo s.eps 
5 from hydroquinone monobenzyi ether as follows; 

3-f4.b«nrYl0Nvphffnoxv)nvrrn |tdmf hvdrorhinr M>- 




10 

Scale: 3.82 g, I9.I mmol. 



Method E using hydroquinone monobenzyi ether and 1 -(tert-butyloxvcarbonyl)-3- 
pyrrohdmol. The solvent was evaporated and the residue columned on silica eluting 
1 . sequentially with CH,Cl,;30%EtOAc/hexane giving a yellow oil. This was dissloved in 
EtOAc (200 ml) under Ar and a saturated solution of hydrogen chloride in Et,0 (100 ml) was 
added. The mixture was stirred for 4 h. The product was filtered off as a white solid 
Yield: 2.61 g (45%) 

R, = 0.24 (10%MeOH/l%NH,OH/CH,CU) 

20 'H-NMR (250 MH.d^DMSO):d = 2:.2'(m.2H, 3.27 (m,3H). 3.41 (dd. , H). 5.03 (m IH) 
5.05 (s. 2H). 6.94 (m. 4H). 7.37 (m. 5H). 9.5 1 (br s. I H) 
MS (ESP+): m/e 270 (M+H)*. 

Found: C.66.5; H 6 6- N 4 6- r i-r riKin, ^ . 

n.o.o. iN.^.o. C-,7H,oClNO, requires: C.66.8; H.6.6; N.4.6%. 

25 E.xampip i n^ 

i -f . 5-chlpro-0-nvndvn-4.M-p v.;Hw.)rip^^^^ 



105. 



wo 97/28128 
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N — ^ \ — / f^=y 



Scale: 312mg, I.QImmoI 



5 Method F. using 2.5-dichIoropyridine. The residue was purified by column chromatograph 
on silica, eluting with CH,CIj, then 5%MeOH /CH^CU. 

Yield = 30mg (6%) light brown solid , 
Rf = 0.3 (lOroMeOH/CHjCU) 

'H-NMR OOOMHz. CDCI3): 0 = 3.43 (m. 4H). 3.64 (m. 4H). 6.6 (d, IH). 6.7 (d. 2H). 7.23 
10 fdd, IH), 8.i5 (m. IH). 8.32 (d, 2H). 
MS fESP+): m/e 275/7 (M+H)*. 

Example TO^ 

l-f4.r7-merhv|)pyndv|V4.rr4.hen.vtov.^ph ^ n » | o,,,^;p ,„-^.-„, 

15 




Scale: 1 .3mmol 



0 (4-Ben2yloxy)phenylo.Ny)piperidine(l eq) (made from I-t-butyIoxycarbonyI-4- 

hydroxypipendine by Mitsunobu reaction with hydroquinone monobenzvl ether followed by 
treatment with trifluoroacetic acid) and 2-methyl-4-chloropyridine (2 eq) were heated in t- 
butanol (2.5 ml) and aqueous HCI (2M; 0.1ml) at reflux overnight. The solvents were 

evaporated and the residue panitioned between PR ri mo- 

K icu oeiween LHjCljand 10% aqueous potassium carbonate 

► solution. The organic laver was washed with WTrpr ^inH Kn.r,^ ^ ■ ^ 

^^^^^ brine, dried over sodium sulphate and 

ca„c=„,ra,ed. The residue was purined by co,u„,„ chro„,a.o..raphy. elu.in. se<,ue„u.nv w„i, 
CHXU; 5%MeOH/CH,CU: IO%MeOH/CH,Cl,: IO%MeOH/l%NH,OH/CH,CI, ,,v,„„ .„ 
off-white powder. 



wo 97/28128 r^r^.r^^^^ 
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Yield = 70mg (14%) 

Rf = 0.44 ( 1 0%MeOH/CH,CK) 

•H-NMR (250MH. CDCI3): 6 = 2.0 4H, 2.62 Cs. 3H). 3.58 2H). 3.70 Cm ^0 , 
(m. . H). 5.02 (s. 2H). 6.58 fn,. , H). 6.68 (dd, , H). 6.88 (m. 4H). 7.38 (m. 5H). 8.08 <, ' .rT 
5 MSfESP+): m/e 375 (M+H)'. ' 

E.xnmple IQ? 

l-r4-pvridvn-Vr.5-hgnrvlnxv.->.nvridvlnv>.) p„ rr -l inin r_ 






,0 O-^N^ 



Scale: 6.02 g. 27.4 mmol 



M«hod B. using using , -C4-pyridyl)-3.hydroxypy,rolidi„= and 2.ch,„ro.5.ben.>.,oxvpy„di„e 
.5 h=,ung.o ,20'Cfor3h. After cooling , he ,-bu,a„ol was removed on c .carv evapora.or 
The dark residue was dissolved in CH.Cl^ and ,he solu.icn washed wi,h 10% aqueous NaOH 
solu„on before concen.rauon ,„ .acuo. The residue was purified by column ehron,a,oaraphy 
elu.,ng sequentially wi,h CH,CU;E,,0; 10%MeOH/lo/.NH,OH/CH,CI, .,v,ng aJ,rown"oil 
Yield = 5.70 g (66%) 

20 Rf = 0.38 (10%MeOH/i%NH,OH/CH,Cl2) 

'H-NMR OOO MHz, CDCl,): d - 2.33"(n,, 2H). 3.5 (n,. 3H,. 3.71 (dd. ,H,. 5.04 (3. 2H, 5 63 

IH), 6.40 (d,2H). 6.64 (d. IH).7.26(dd. IH), 7.3 (n,, 5H). 7.88 (d. 1H,,8.:, (d ^H, 
MS (ESP+): m/e 348 (M+H)*. 

25 The precursor 2.ch,oro.5-ben.y,„.ypyridi„e .vas prepared in .hree s.eps from 5.amino.2. 

chloropyridine as follows: 

2-chlnrn-S-nr-^ tovvpvp jH,'p^ 



T 
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.OAc 

cr ^N- 

Scale: 25.9 g. 201 mmol 



:> 



Method: a solution of 5-amino-2-chloropyridine (25.9 g. 201 mmol) in etiianol (185 ml) was 
cooled in an ice-methanol bath. 50% aqueous tetrafluoroboric acid (78 mL 442 mmol) was 
added. When the internal temperature reached o'-C isoamyl nitrite (28.4 ml, 21 1 mmol) was 
added dropwise keeping the temperature below 0»C. After addition the reaction mi.xture was 
10 stirred at 0°C for 30 minutes. An orange solid appeared which was collected on a Buchner 
funnel, washed with Et,0 and dried on the Buchner funnel forM 5 minutes. The solid was 

dissolved in acetic anhydride (240 ml) and the resulting solution warmed slowly to 70°C. 

Heating was continued for 4 hours during which time N, gas was evolved. The mi.xture was 

allowed to cool then concentrated in vacuo. The residue was dissolved in Et,0 (300 ml) and . 
15 washed three times with water, then with brine, dried (Na.SOj and concentrated in vacuo 

giving a red-brown oil. The product was purified by Kugelrohr distillation (oven temperature 

I ICC, 1.6 mbar) giving a white solid. 

Yield = 1 6.5 g (48%) 

R,-=0.74(I0%Et,O/CH,CI,) 
20 'H-NMR (300 MHz. CDCI3): d = 2.33 (s. 3H). 7.34 (d, IH). 7.47 (dd, IH). 8.21 (d. IH). 

2-chlorn o-hvdmyvpvridme 
Ci-^N-^ 

25 

Scale: 16.5 g. 96.2 mmol 



10^ 
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Method: 2-chloro-5-acetoxypyndine (16.5 g. 96.2 mmol) was dissolved in 2M aqueous KOH 
solution (125 ml) with ice-bath cooling. The resulting solution was stirred at 4°C for 3 hours 
after which time the reaction was judged complete by tic. The reaction mixture was 
neutralised by the addition of acetic acid (appro.x. 10 ml) whereupon a white solid appeared. 
5 The product was collected on a Buchner funnel and dried under high vacuum at 40°C. 
Yield = 1 1 .9 g (96%) 
Rf = 0.2 1 ( 1 OVoEtjO/CHjClj) 

'H-NMR (300 MHz. d*-DMSO): d = 7.2 (m. 2H). 7.S7 (d. I H). 
MS (ESP+): m/e 130/2 (M+H)*. 
10 Found: C.46.3; H,3.!; NJ0.7; C^H.CINO requires: C.46.4; H.3. 1 1 : N, 10.8%. 

2-chloro-^-he nzvloN-vnvridine 



15 



cr N 



J 



.OBn 



Scale: 6.05 g, 46.7 mmol 



Method: under argon. 2-chIoro-5-hydroxypyridine (6.05 g. 46.7 mmol) was dissolved in 
anhydrous DMF (50 ml) and the resulting solution cooled in an ice-water bath. Sodium 

20 methoxide (2.78 g. 5 1 .4 mmol) was added and the mixture stirred for 10 minutes. Benzyl 
bromide (8.79 g, 5 1 .4 mmol) was added and the resulting mixture stirred for 90 minutes with 
gradual warming to room temperature. The mixture was poured into ice-water (600 ml). The 
mixture was extracted thrice with EtjO and the combined extracts washed with water and 
brine, dried (MgSO,) and concentrated in vacuo giving a clear yellow oil. The product was 

:5 purified by column chromatography, eluting sequentially with 1 0%Et>O/isohexane;25% 
Et;0/isohe.\ane yielding a white solid. 
Yield = 8.18 g (80%) 
R, = 0.36 (CH^CIO 

'H-NMR (300 MHz. CDCI,): d = 5.09 (s. 2H). 7.27 (d. I H). 7.35 (m. 6H). 8.14 (d. I HV 
0 MS (ESP-): m/e 220.': fM-H)'. 



\0(« 
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l.r4-pvrimidvlV?-('5-trifliinmmgfhvl-?-pvridvloxv'>pvrmlidine 



F 




Scale: l.7mmoI 

Method A in 10% aqueous isopropanol, using 4-chloropyrimidine and 3-(5-trifluorornethyl-2- 
10 pyridyIoxy)pyn-olidine. After evaporation of the solvents, the residue was purified by column 

chromatography, eluting sequentially with CHiCU; 5%MeOH/CH,CK; lOyoMeOH/CHnCU; 

10%MeOH/l%NH4OH/CH,CK giving an off-white solid. 

Yield = 379mg (72%) 

Rf = 0.53 (l0%MeOH/l%NH4OH/CH2Cl2) 
1 5 'H-NMR (200MHz. CDClj): 6 = 2.38 (m. 2H). 3.75 (m. 4H). 5.78 (m, 1 H). 6.30 (d, 1 H). 6.80 

(d. IH), 7.80 (d, IH), 8.l8(d, IH), 8.42 (s, IH). 8.60 (s. IH). 

MS (ESP-H): m/e 311 (M+H)*. 

Found: C.53.8: H,4.2; N.17.6; CiaHijFjNaO requires: C54.2; H.4.22; N.18.1%. 

20 Example 104 

l-(4-pvridvn-3-(5-benzvlthio-2-pvridvloxv^ pyrrolidine 




25 Scale: 524 me. 3.19 mmol 



^^'^^^^'^^ PCt/G897/00282 
Method B. 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using I -(4- 
pyridyI)-3-hydro.xypyrroIidine and 2-chIoro-5-benzyUhio-pyridine. The product was purified 
by column chromatography, eluting sequentially with Et,0; 5%MeOH.'CH,CU; 
IO%MeOH/I%NH40H/CH,Cl> giving a pale yellow gum. 
5 Yield = 517 mu (45%) 

Rf = 0.33 (lOyoMeOH/iyoNH^OH/CHjCiz) 

'H-NMR (300 MHz. CDCI3): d = 2.35 (m, 2H), 3.5 (m. 3H). 3.72 (dd. I H). 3.96 (s. 2H). 5.66 
(m, I H). 6.41 (d, 2H), 6.59 (d. IH). 7.17 (m.2H). 7.24 (m. 3H). 7.45 (dd. I HI. S.07 (d.. 1 H). 
8.10 (d,2H). 
10 MS (ESP^J: m/e 364 (M+H)*. 

The precursor 2-chloro-5-benzyIihiopyridine was prepared in two steps from 5-amino-2- 
chloropyridine as follows: 

15 2-chloro-5-hen7vi[hi opvridine 




Scale: 628 mg, 3.68 mmol 

20 Method: 2-chIoro-5-thiocyanopyridine (628 mg, 3.68 mmol) and benzyl bromide (692 mg, 
4.05 mmol) were dissolved in THF (6 ml) and a solution of potassium hydroxide (512 mg. 
9.13 mmol) in water (5 ml) was added. The resulting mixture was heated to lOO'C for 2 
hours. The mixture was allowed to cool then extracted with Et,0 (3 x 10 ml). The combined 
extracts were dried (MgSOj) and concentrated in vacuo, yielding a yellou oil. 

25 Yield = 828 mg (95%) 

R, = 0.45 (CH,CI0 

'H-NMR (250 MHz. CDCI3): d = 4.06 (s. 2H). 7. 18 (d. 1 H). 7.25 (m. 5H). 7.48 (dd. I H). 8.26 
(d. IH). 



to a 
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MS (ESP+): m/e 236/8 (M+H)*. 

2-chloro- 5-thiocvanoDvridinp 
.SCN 




3 CI N' 



Scale: 5.42 g. 42.1 mmol 

Method: 5-amino-2-chloropyridine (5.42 g. 42.1 mmol) was dissolved in concentrated 
10 aqueous hydrochloric acid (75 ml) and the resulting solution cooled in an ice-methanol bath. 
A solution of sodium nitrite (3.58 g. 42.2 mmol) in water (I s'ml) was added slowly, keeping 
the internal reaction temperature below 0°C. After addition the reaction mixture was stirred at 
CC for 30 minutes then added porrionwise to a stirred solution of copper (I) thiocyanate (2.8 
g. 23 mmol) and potassium thiocyanate (25 g) in water (525 ml). After addition the mixture 
15 stinred for 1 5 minutes at room temperature. The mixture was filtered through a celite pad, and 
the pad washed thoroughly with EtjO. The layers were separated and the aqueous layer 
extracted with Et,0 (3 x 100 ml). The combined organic phases were washed with water, 
brine and saturated aqueous NaHCOj solution, dried (MgSO,) and concentrated in vacuo. 
yielding a yellow oil which solidified on standing. The crude product was purified by 
20 Kugelrohr distillation (oven temperature 125°C. 2.4 mbar) yielding a white solid. 
Yield = 2.55 g (35%) 

'H-NMR (300 MHz. CDCI3): d = 7.44 (d. IH), 7.88 (dd, IH). 8.54 (d. IH). ' 
MS (CI-): m/e 171/3 (M+H)*. 

25 Example 10-=; . 
|-(4-pvridvO--^-r5-(a.meiho^vhrn7vhthio-7.pvr ;H v|oxv')nvrmi;H;ne 
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OMe 



O ^N" 
Scale: S8 mg, 0.33 mmol 



Method B, 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using I -(4- 
5 pyridyI)-3-hydroxypyrTolidine and 2-chloro-5-(4-mcthoxyben2yi)thio-pyridine. The product 

was purified by column chromatography, elutinc sequentially with Et,0; 5%MeOH/CH,CI-,- 

10%MeOH.'l%NH4OH/CH:CI; giving a pale yellow gum. 

Yield = 102 mg (78%) 
R, = 0.30 (IO%MeOH/l%NHjOH/CH,Cl2) 
10 'H-NMR (300 MHz. CDCl,): d = 2.36 (m, 2H), 3.52 (m. 3H). 3.74 (dd, IH). 3.78 (s, 3H), 
3.90 (s. 2H). 5.67 (m. 1 H). 6.44 (d. 2H). 6.58 (d. 1 H), 6.79 (d. 2H). 7.07 (d. 2H), 7.45 (dd, 
IH), 8.06 (d, IH). 8.20 (d,2H). 
MS (ESP-;-): m/e 394 (M+H)*. 

15 The precursor 2-chloro-5-(4-metho.'<ybenzyl)thiopyridine was prepared in two steps from 5- 
amino-2-chIoropyridine as follows: 



!-chloro-5 -f4-methnxvben7;v!'>thiopvriHine 

,OMe 




cr N 



20 



Scale: 98 mc. 0.574 mmol 



Method: 2-chloro-5-thiocyanopyridine (98 mg. 0.574 mmol) and benzyl bromide (90 mg. 
0.574 mmol) were dissolved in THF (2.5 ml) and a solution of potassium hydroxide (80 mg. 
25 1.44 mmol) in water (2.5 ml) was added. The resulting mixture was heated to 85°C for 1.5 



no 
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h6urs. The mixture was allowed to cool then extracted with Et^O (5 x 10 ml). The'combihed 
extracts were dried (iMgS04) and concentrated in vacuo, yielding a yellow oil. 
Yield = 92.5 mg (63%) 
Rf = 0.45 (CH,CU) 

5 'H-NMR (300 MHz. CDCI3): d = 3.78 (s, 3H). 4.03 (s. 2H), 6.S! (d. 2H). 7.15 (d. 2H). 7.19 
(d. 1 H). 7.48 (dd, 1 H)..8.26 (d. 1 H). 

l-(4-nvridvn-3-(5-f4-thia7;o!vhmethvlthin.7.pvr; d vloxv^pvrrnliriinP 



Scale: 125 mg, 0.515 mmol 

Method B, 0.5 M in anhydrous THF and without tetra-n-butylammonium bromide, using 
15 pyridyl)-3-hydroxypyrToIidine and 2-chloro-5-(4-thiazoIyl)methyithiopyridine. The product 
was purified by column chromatography, eluting sequentially with 
Et,O;10yoMeOH/l''/oNH4OH/CH,CI, giving a pale yellow gum. 
Yield = 125 mg (66%) 
Rr= 0.30 {10%MeOH/l%NH4OH/CH2Cl2) 
20 'H-NMR (300 MHz, CDCI3): d = 2.35 (m. 2H). 3.5 (m. 3H). 3.63 (dd. IH), 4.16 (s, 2H), 5.68 
(m. 1 H). 6.42 (d, 2H), 6.6 1 (d. 1 H). 6.97 (s, 1 H), 7.53 (dd, 1 H). 8. 1 1 (d. 1 H), S.20 (d, 2H). 
8.78 (s, IH). 

MS (ESP+): m/e 371 (M+H)* 

25 The precursor 2-chloro-5-(4-thia2olyl)methylthiopyridine was prepared in one step from 2- 
chloro-5-thiocyanopyridine as follows: 

2-chloro-^-rd.tl-)i^ 7.oivhmethvlthionvriHinP 




\\\ 
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Scale: 96.5 mg, 0.566 mmol 

5 Method: 2-chloro-5-thiocyanopyridine (96.5 mg. 0.566 mmol). 4-chloromethyUhia2ole 
hydrochloride (96.2 mg. 0.566 mmol) and potassium hydroxide (79.3 mg. 1.41 mmol) were 
suspended in 1 : 1 THF/water (5 ml). The resulting mi.xture was heated to Z5°C for 90 minutes 
and allowed to cool. The mixture was e.xtracted with EtjO (3 x 10 ml) and the combined 
extracts were dried (MgSOa) and concentrated in vacuo giving a colourless oil which was 
10 used directly in the next step. 
Yield = 125 mg (91%) 

Examnles in<^/in7 

(3R)-l-r4-nvriHvn-3-r5-cvan o-2-pvridv|oxvVvrrnlir|jn f: 

15 

,CN 



Scale: 492mg, 3.0mmol 

20 Method B (without tetrabutylammonium bromide) in THF (0.6M). using (R)- 1 -(4-pyridyl)-3- 
hydroxypyrrolidine and 2-chloro-5-cyanopyridine. with 5hr reaction time. After evaporation 
of the solvent, the residue was purified by column chromatography, eluting sequentially with 
CH.CI,; 5%MeOH/CH,Cli: IO%MeOH/CH,CI,: l0%MeOH/l%NH,OH/CH,CU giving an 
off-white solid. 

25 Yield = 255mg (32%) 

Rr= 0.36 (I0%MeOH/l%Nl l,OH/CH3Cl2) 
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'H-NMR (300MHz, CDCI3): 6 = 2.4 (m. 2H). 3.58 (m. 3H). 3.78 (dd. I H). 5.80 fm. I H)..6.42 
(d. 2H). 6.80 (d. 1 H). 7.80 (dd. 1 H). 8.22 (d, 2H), 8.50 (s. I H). 
MS (ESP+): m/e 267 fM+H)*. 

5 The (S) enantiomer was also prepared by the same method in 30% yield from the (S) alcohol, 
and gave identical analytical data. 

Examples 108/100 

f3SVI-r4-pyridv|)-^r 5-i50but v| oy vcarhnnvl-'?-nvriHvlnvv)pvrrolidine 



10 




Scale: 0.78mmol 

15 Method D. using (S)-! -(4-pyridyl)-3-hydroxypyrrolidine and isobutyl 2-chloronicotinate. The 
residue was purified by column chromatography, eluting sequentially with CH,C1,; 
5%MeOH/CH,CI,; lOyoMeOH/CH^CI,; 10%MeOH/I%NH,OH/CH,Ci, giving a brown oil. 
Yield = 178mg (67%) 

Rf = 0.36 ( 1 0%MeOH/l %NH40H/CH2Cl2) 
20 'H-NMR (300MHz, CDCI3): 6 = 1.02 (d. 6H). 2.05 (m. IH). 2.38 (m, 2H), 3.55 (m, 3H), 3.76 
(dd. lH),4.10(d, 2H). 5.80 (m. IH). 6.41 (m. 2H). 6.75 (d, IH), 8.20 (m. 3H). 8.83 (d. IH). 
MS (ESP+): m./e 342 (M+H)*. 

The (R) enantiomer was also prepared by the same method in 30% yield from the (S) alcohol. 
25 and gave identical analytical data. 

Example 1 10 

;-M-pvridvi)-'-n-frin^l orometh v|-2-pvr;Hvlthio^nvrrnliHine 



|V3 
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N 



Scale: 250 mg. 1.52 mmol 



Method E, using I -(4.pyridyl)-3-hydroxypyrTolidine and 2-mercapto-5- 
trifluoromethylpyridine. The solvent was evaporated and the residue columned on silica, 
elating sequentially with CH,CI,;Et,0; 10%MeOH/I%NH,OH/CH,CI,. giving a brown oil 
Yield = 201 mg (40%) 

10 Rf = 0.30(1 0%MeOH/l%NH,OH/CH2Cl2) 

'H-NMR (300 MHz. CDCl3):d = 2.20 (m. IH). 2.60 (m, IH). 3!39 (dd. 1H).3.52 (m. 2H). 
3.98 (dd, I H), 4.59 (m, 1 H). 6.40 (d. 2H). 7.27 (d. 1 H). 7.66 (d, 1 H). 8.22 (d, 2H). 8.69 (s. 
IH). 

■'C-NMR (400 MHz. CDCI3): d = 31.2, 41.3. 46.1. 53.4, 107.0. 121.8, 132.7. 146.3. 148.6. 
15 1 5 1 .7, 1 63.2. J quarternaries missing 
MS (ESP+): m/e 326 (M+H)*. 

Example 1H 

r3SVl-(4-pvridvn-^-n 5-dichlnrn-?-p v Tidvinvv'>pvn -n |j ^jn/» 

20 

CI-^^^-^CI 



Scale: 0.91 mmol 



25 Method D in THF without n-butylammonium bromide, using (S)-l -(4-pyridyl)-3- 
hydroxypyrrolidine and 2.3.5-trichloropyridine. The residue was purified by column 
chromatography, cluting sequentially with CH,CU: 5%MeOH/CH,Clv. 1 0%MeOH/CHXlv. 
1 0%.MeOH/t%NH,OH/CH;CI, giving a brown oil. 
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Y*e!d = 283mg (quantitative) 



Rf = 0.22 (lOVoMeOH/r/oNH^OH/CHjClj) 

'H-NMR (300MHz. CDCIj): 5 = 2.38 (m. 2H). 3.55 (m. 3H). 3.78 (dd. I H). 5.68 fm. 1 H), 
6.41 (d. 2H). 7.63 (m. 1 H), 8.02 (s. IH). 8.22 (d, 2H). 
5 MS(ESP+): nVe 3I0(M+H)*. 

Example 112 

l-f4-pvrid vlV3-r4-rbromo'inhenvlthio')nvrmHHinff 



Scale: 0.84mmol 

iVIethod G. using 4-bromothiophenol. The residue was purified by column chromatography. 
1 5 eluting sequentially with CHjCI^; 5%McOH/CH.CU; 1 0»/oMeOH/CH,CI, giving a colourless 
solid. 

Yield = I75mg(62%) 

Rf = 0.32 ( 1 0%MeOH/CH,CN) 

'H-NMR (300MHz. CDClj): 5 = 2.08 (m. IH).2.40(m, IH), 3.30 (m, lH),3.39(m. 1HX3.52 
20 (m, IH). 3.68 (m. IH), 3.90 (m, IH), 6.36 (d. 2H), 7.28 (d. 2H), 7.44 (d. 2H), 8.22 ^d, 2H). 
MS (ESP*): m/e 335/337 (M+H)*. 

Example 1 1 

i.(4.pvridvlV'-(4-('trinuoromethvloxv)p henvlthin)pvrrnlidine 

25 





Scale: 0.84mmol 
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Method G. using 4-(trinuoromcthyIoxy)th.opheno!. The residue was purified bv coJumn 
chroma.ography. eluting sequentially with CH,CI.,: 5%MeOH/CH,CI:: 1 0%McOH/CH,Ci, 
giving an off-white solid. 
5 Yield = I65mg (58%) 
Rf = 0.32 CI0%MeOH/CH2Cl2) 

'H-NMR (300MHz. CDCI3): 6 = 2.10(0.. lH).2.42(m. IH).3.32(.. ,H).3.4, (n. ,H) 3 54 
(m, 1 H). 3.72 (m. I H). 3.92 (m. I H), 6.35 (d. 2H). 7. 1 8 (d, 2H). 7.45 (d. 2H). 8.22 fd ^H)- 
MS (ESP-): m/e 341 (M+H)". 

10 

Exnmple T ^4 

I-r4-pvridvl)- r^-rr4-phen v n Dhenvlnvv>p,Tr ^[j^jn^ 




15 

Scale: 1.83mmoI 

Method E, using 4-phenylphenoI. The residue was purified by colun^n chromatoaraphv. 
eluting sequentially with CH,CI,: 5%MeOH/CH3Cl2; 1 0%MeOH/CH,Cl,: 
20 10%MeOH/l%NH4OH/CH,CI, giving a white solid. 
Yield = 169mg (29%) 

Rr= 0.40 (10%MeOH/l%NHjOH/CH2Cl2) 

'H-NMR (300MHz. CDCI3): 6 = 2.35 (m, IH). 2.55 (n.. 3H). 3.58 (m. 3H). 3.76 (dd. IH) 
5.15 (m. IH). 6.43 (n.. 2H). 6.98 (d. 2H). 7.32 (dd, IH). 7.42 (t. 2H). 7.55 (m. 4H) 8 "^l (d 
25 2H). 

MS(ESP-): m/e3I7(M+Hr. 
R.xamnle 1 



T 
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f < ?)-|-r4-pvridv|)-?-r5-trifluornm^rtiY|--> .nvriHvlrhm^pvrrolidine 




5 Scale: 400 mg, 2.43 mmol 

Method E. using (S)- 1 -(4-pyridyl)-3-hydroxypyn-olidine and 2-mercapto-5- 
trifluoromethylpyridine. The solvent was evaporated and the residue columned on silica, 
eluting sequentially with CH,Cl2:Et,O;10%MeOH/l°/oNH,OH/CH,Cl2.. giving a brown oil. 
10 Yield = 681 mg (86%) 

Rr=0.jO(10%MeOH/I%NH,OH/CH2CI,) 

'H-NMR (300 MHz. CDCI3): d = 2.20 (m. 1 H), 2.60 (m, 1 H). 3.39 (dd. I H). 3.52 fm, 2H). 
3.98 (dd. 1 H). 4.59 (m. 1 H). 6.40 (d. 2H). 7.27 (d, 1 H), 7.66 (d. ! H). 8.22 (d. 2H) 8 69 (s 
IH). 

15 MS (ESP+): m/e 326 (M+H)*. 
Exnmple 1 Ifi 

fsy>-l-r4-r7vridv|)-3.('^.trinuoromethvl-7-pvHHY[T hin')pvrrnlj^ fnr 



CF3 



20 ^ N 

Scale: 400 mg, 2.43 mmol 

Method E. using (/?)-l-(4-pyndyl)-3-hydroxypyrrolidine and 2-mercapto-5- 
25 trinuoromethylpyridine. The solvent was evaporated and the residue columned on silica, 
eluting sequentially with CH,CU;Et,0; IO%MeOH/l"/oNH,OH/CH,CN. giving a brown oil. 
Yield = 663 mg (83%) 

R, = 0.30 (IO%MeOH/l%.N-HjOH/CH,CU) 
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• 'H-NMR (300 MHz. CDCI,): d = 2.20 (m. IH). 2.60 (m. I H). 3.39 (dd.' lH). 3* 52 (m. 2H). 
3.98 (dd. I H). 4.59 (m. I H). 6.40 (d, 2H). 7.27 (d, I H). 7.66 (d. I H). 8.22 (d. 2H). 8 69 u 
IH). 

MS (ESP+): m/e 326 (M+H)*. 

5 

Example 1 17 

^-r3-fluQro-4-pvridvn-3-r5-tri^^loromethvl-7.pv r idvlo^•v^pvr^o |,•rf in ^ 




10 

Scale; 1.5mmol 

Method E. using l-(3-fluoro-4-pyridyl)-3-hydroxypyrTolidine and 2-hydroxy-5- 
trifluoromethylpyridine. The product was isolated as a pale yellow gum. 
15 Yield = 105mg (22%) 
Rf= 0.20 (EtOAc) 

'H-NMR C200MHZ. CDCI,): 6 = 2.30 (m, 2H). 3.70 (m. 3H). 3.95 (m, IH). 5.76 Cm. IH). 6.22 
(m. IH).6.80(d, IH), 7.78 (dd. IH). 8.04(d, 1 H), 8.12 (d. IH). 8.42 (s, IH). 
MS(ESP+): m/e 328 (M+H)*. 

20 

I-(3-Fluoro-4-pyridyl)-3-hydro.xypyrTolidine was generated in four steps from I -(4-pyridyi)- 
3-hydro.xypyrrolidine as follows: 

l-r4-Pvridvi)-'i-r(-hiuvldimethv kiivlnvvVvrr"'i^ in'' 

25 

l-(4-Pyridyl)-3-hydroxypyrrolidine (5.02g. 30.6mmol) was dissolved in DMF (40ml) and 
imidazole (9.18g. 135mmol) was added, followed by a solution of t-butylchlorodimcthyisilane 
(10.20g. 67.7mmol) in DMF f25mi). After stirring overnight the mixture was partitioned 
between water and dichloromethane. Tiie organic layer was dried over sodium sulphate. 

\11 
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After evaporation of the solvents, the residue was purified by column chromatography ort 
alumina, eluting sequentially with CFUCU; EtOAc; I0%MeOH/EiOAc; 50%MeOH/EtOAc 
giving a clear yellow oil. 
Yield = quantitative 
5 Rr= 0.38 (10%MeOH/l%NH<,OH/CH,Clj) 

■H-NMR C200MHZ. CDCI3): 5 = 0.01 (d. 6H), 0.80 (s. 9H). 1 .95 (m. 2H). 3.07 (dd. I H), 3.25 
(m, 1 H). 3.3S (m. 2H), 4.44 (m. I H). 6.24 (d. 2H). 8. 1 I (d. 2H). 

l -f:'-Bromp-4-pvridvl)-3-ri-butvidimefhvl^.l v lQ.vv-)pvr^ nl,Hjpo 

10 

I -{4-PyridyI)-3-(t-butyldimethylsilyloxy)pyrroIidine (8.92g, 32. 1 mmol) was dissolved in 
acetonitrile ( 140ml) and N-bromosuccinimide f6.00g. 33. 7mmol) was added ponionwise. 
After stinring overnight the solvent was removed under reduced pressure and the residue 
partitioned between dichloromethane and water. The organic layer was dried over sodium 
15 sulphate. After evaporation of the solvent, the residue was purified by column 
chromatography on silica gel. eluting sequentially with CH,CI,; 5%MeOH CH,CI,; 
I0%MeOH/CH,Cl,. Funher purification by column chromatography on alumina, eluting 
sequentially with isohexane; 25%EtOAc/isohexane gave the product as a colourless oil. " 
Yield = 3.44g (30%) 
20 Rr= 0.70 (10%iVIeOH/l%NH4OH/CH,Cl2) 

'H-NMR (200MH2. CDCI3): 5 = 0.0 (d. 6H). 0.80 (s. 9H). 1 .90 (m. 2H). 3.38 (dd. I H), 3.48 
(m, 1 H). 3.62 (m. I H), 3.80 (dd. I H). 4.40 (m. 1 H), 6.40 (d. I H). 8.02 (d, 1 H), 8.30 (s. I H). 
MS(ESP+): m/e 357/359 (M+H^. 

l-n-FIUOro-4-pvridv|>-3-rr-hutvlri;m^rhvf5 ,-|vlnvvyv^^, jHjn. 

A solution of I-f3-bromo-4-pyridyl)-3-(t-butyldimethylsilyloxy)pyrrolidine (l.07g. 3.0mmol) ' 
in THF (lOmI) was added to a solution of t-butyl lithium ( I.5M in hexanes. 4.2ml) in THF 
( lOmI) at -78''C. After ten minutes a solution of N-fluorobisbenzenesulphonide ri .42o. 
30 4.5mmoI) in THF (lOml) was added dropwise. After a further hour at -78'-C the misZ. wos 
allowed to wark to room temperature. After stirring overnight the mixture ua.s parti.ioned 
between dichloromcthanc and water. The organic layer was dried over sodium .sulpJiatc. 
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After evaporation of the solvent, the residue was purified by column chromatograph 



V on 



alumina, eluting sequentially with isohexane; 25%EtOAc/isohexane; 60%EiOAc/isohexane 
giving a pale yellow solid. 
Yield = 0.47g (53%) 
5 Rf=0.39(7%MeOH/CH,CI,) 

'H-NMR (200MH2. CDClj): 6 = 0.0 (d. 6H). 0.80 (s, 9H). 1 .90 (m. 2H). 3.26 (dm. I H), 3.55 
(m. 3H), 4.41 (m. IH). 6.34 (m. IH). 7.92 (d, IH), 8.02 (d. IH). 
MS(ESP+): m/e 297 (M+H)". 

10 l-(3-Fluoro-4-pvridvn-3-hvdro.\vpvrrnlidinfi 

l-(3-Fluoro-4-pyridyl)-3-Ct-butyIdimethylsilyloxy)pyrrolidine (0.45e, 1.52mmol) was 
dissolved in acetonitrile ( 10ml) and IM HCI (aq) (2ml) was added. .After stirring overnight 
solid potassium carbonate was added to render the solution alkaline. After standing at 
15 for several days the white solid formed was isolated by filtration through a pad of alumina. 
The pad was washed well with a mixture of methanol and dichloromethane and product- 
containing fractions were concentrated under vacuum to give a white solid. 
Yield = 0.28g (ca. quantitative) 
Rf=0.1 (10%MeOH/CH:CU) 
20 'H-NMR (200MHz. d^-DMSO): 6 = 1 .90 (m, 2H). 3.30 (dm, 1 H), 3.55 (m, 3H). 4.35 (m, I H). 
6.58 (m, I H). 7.94 (d. 1 H). 8.06 (d. I H). 
MS(ESP+): m/e 183 (M-H)*. 

Examples ll«/n9 

25 (S^-l-K- pvridvn-l-Cl.g-dichlorophenvloxvlpvrrolidinff 




CI 



Scale: 0.94mmol 



30 
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Mfithod G. using 3-methyl-4-(methylthio)phenol. The residue was purified by colurfin 
chromatography, cluting sequentially with CHiClj; 5%MeOH/CH,CU; lOroMeOH/CH.Cl,; 
1 0%MeOM/I "/oNHjOH/CH.Cl,. 
Yield = I64mg (56%) 

5 'H-NMR (."iOOMHz. CDCI3): 6 = 2.30 (m, 2H). 3.52 (m. 3H). 3.65 (m. I H). 5.02 fm. 1 H). 6.40 
(d. 2H). 6.74 (dd, 1 H), 6.98 (m. 1 H). 7.35 (d. 1 H). 8.22 (d, 2H). 
,MS (ESP-*-): m/e 309/31 1/313 (M-»-H)*. 

The (R) enantiomer was also prepared by the same method, and gave identical analytical data. 

10 Examples 120/121 

i-M-Dvridvh-3-r 4-rmethvlthio)phenvloxv'>pvrrolidine 



15 Scale: 0.94mmoi 

Method G, using 4-(methylthio)phenoI. The residue was purified by column chromatography, 
eluting sequentially with CH^Clj; 5''/oMeOH/CH2CU: 10%MeOH/CH2CK: 
IO%MeOH/l%NH.,OH/CH2Cl2. 
20 Yield = 131mg(49%) 

'H-NMR (300MHz. CDCIj): 6 = 2.15 (m. IH). 2.38 (m. IH). 3.52 (m. 3H). 3.65 (m. IH), 5.05 
(m. I H). 6.42 (d, 2H). 6.82 (d. 2H). 7.28 (d. 2H). 8.22 (d, 2H). 
MS(ESP-i-): m/e287(M-i-H)*. 

The (S) enantiomer was also prepared by the same method, and gave identical analytical data. 

25 

Exnmnles 122/123 

l-f4-nvridvn-3-('4-ttnnuornmethvhphpn v|oxv1pvrrr>liriing 




SMe 



PCT/GB97/00282 



Scale: 0.94mmol 

5 Method G. using 4-trinuoromeihylphenol. The residue was purified by column 

chromatography, eluting sequentially with CHzCU; 5%MeOH/CH,CU; I0%MeOH/CH,Clj; 
1 0%iMcOH/I "/oNH.OH/CHjClj. 
Yield = I24mc (43%) 

'H-NMR (300MHz. CDCij): 6 = 2.35 (m, 2H). 3.54 (m. 2H). 3.72 (m. 1 H). 5. 1 2 (m. 1 H), 6.40 
10 (d. 2H). 6.95 (d. 2H). 7.66 (d. 2H), 8.22 (d, 2H). 
MS (ESP+): nve 309 (M+H)*. 

The (S) enantiomer was also prepared by the same method, and gave identical analytical data. 

Examples t24/12'> 
15 (RVI-(4-DvridvlV3-r3-methvl-4.rmethvlrhin>p henviovv->pvrrnliflin^ 



Scale: 0.94mmol 

0 

Method G, using 3-methyl-4-(methylthio)phenol. The residue was purified by column 
chromatography, eluting sequentially with CH.CIz; SVoMeOH/CHjCI,: 10%MeOH/CH,CU: 
1 0%MeOH.'l VoNH^OH/CHjCU. 
Yield = 77mg (27%) 

5 ' H-NMR (300MHz. CDCI,): 5 = 2.25 (m. 2H). 2.36 (s. 3H). 2.42 (s. 3H). 3.54 (m. 3H). 3.72 
(m. IH). 5.04 (m. IH). 6.40 (d. 2H), 6.70 (m. 2H), 7.18 (m. IH). 8.22 (d. 2H). 
MS fESP+): m/e 301 (M+H)\ 
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The (S) fenantiomer was also prepared by the same method, and cave identical analytical data. 



Fxample 126 

n R)- 1 -f4-pvridvn-?-f 4-ethvlphenoxv)pvrrolidine 



5 



N 




Scale: 0.94mmol 

10 Method G. using (S)-l-(4-pyridy])-3-(p-toluenesolphonyloxy)pyrrolidine and 4-ethylphenol. 
The residue was purified by column chromatography, eluting sequentially with CH2CK; 
5%MeOH/CH,CI;; lOVoMeOH/CH.Clj; 10%MeOH/l%NH4OH/CH.Cl2 giving a light brown 
solid. 

Yield = I32mg(53%) 
15 Rr= 0.4 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (200MHz. CDClj): 5 = 1 .22 (t. 3H), 2.25 (m, IH), 2.38 (m, IH), 2.60 (q, 2HX 3.55 
(m. 3H). 3.65 (dd. IH), 5.04 (m, IH), 6.40 (m, 2H), 6.80 (d. 2H), 7.14 (d, 2H). 8,21 (d, 2H). 
MSfESP+): m/e 269 (M+H)\ 

20 Example 127 

l-<'6-methvl-4- pvrimidvn-3-f5>trif1uoromethvl-2-pvridvlQXv)pvrrolidine 



F 




25 Scale: 1 .5mmo! 
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•6-Mcchyi-4-chJoropyrimidine (0.46mmol) (for preparation, see Chem. Pharm Bull.. { 1 976). 
24. 303) and 3-C5-trinuoromethyl-2-pyridyioxy)pyrrolidine (348mg. l.3mmol) were heaied 
with sodium bicarbonate (330mg. 3.9mmol) in eihanol (8ml) at renux overnight. Thed 
mixture was paniiioned between diethyl ether and dilute aqueous Hcl. The aqueous phase 
5 was made strongly alkaline with sodium hydroxide and reextracted with dichloromeihane. 
The latter extracts were dried over sodium sulphate. After evaporation of the solvents, the 
residue was purified by column chromatography, eluting sequentially with CH-,CI-,; 
5%MeOH/CH,CU; 5%MeOH/l%NHaOH/CH,Cl, giving a light brown gum. 
Yield = 1 50mg (ca quantitative) 
10 Rr= 0.28 r5%MeOH/CH,Cl2) 

'H-NMR C200MH2. CDClj): 5 = 2.38 (m. 5H). 3.75 (m, 4H). 5.78 (m. I H). 6. 1 8 (s. 1 H). 6.80 
(d. IH). 7.78 (dd. IH). 8.42(s. IH). 8.50(s. IH). 
MS (ESP^): no/e 325 (M+H)^ 

15 Examnle 128 

(3R')-l-f4-rivridvn-3-<'?-bromo-5-trtnii o romethvl-2-pvridvlnxv)nvrrolidinp 



Bfv^ ^CF, 




20 Scale: 1 1 .5mmoI 

Method E. using (R)-l -(4-pyridyl)-3-hydroxypyrTolidine and 3-bromo-5-trinuoromethyl- 
{2H)-pyridone. The residue was purified by column chromatography, eluting sequentially 
with CH,CU: 5%MeOH./CH,Cl2; l0%MeOH/CH,Cl2 giving an off-white solid. 
25 Yield = 580mg (13%) 

R, =0.28 (l0%MeOH/l';i.NH4OH/CH,Cl2) 

'H-NMR (300MH2. CDCIj): 5 = 2.40 (m. 2H). 3.55 (m. 3H). 3.80 (dd. IH). 5.78 (m. I H). 
6.40 (d. 2H^. 8.02 (m. I H). 8.22 (d. 2H). 8.38(m. 1 H). 
MS (ESP-). m.'e 3SS/390 (M + H)\ 

0 
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|-f4-pvri<jvl)-3-f4-f5-brQmo-?.-thionhenvlmf ' thvlaminnipheno.xv>pvn-olidine 




H 
N 




Br 



N 



5 

Scale: 1 .57mmol 

I-(4-pyridyl)-5-(4-aminophenoxy)pyrroIidine (made from l-(4-pyridyl)-3-hydroxypyrrolidi 



10 bromothiophenecarboxaldehyde(330mg. I. Icq) were dissolved in methanol (8ml) and cooled 
tn ice-water. The mixture was acidified to pH4 with glacial acetic acid. Sodium 
cyanoborohydride (I03mg, l.OSeq) was added ponionwise. The reaction mixture was 
allowed to warm to room temperature and stirred for 2 hours before panitioning between 
CH2CI2 and 10% aqueous sodium carbonate solution. 
■15 The organic layer was washed with water and brine, dried over magnesium sulphate and 

concentrated. The residue was purified by column chromatography, elutins sequentially with 
CHjCU; 2%MeOH/CHjCl2; 4%MeOH/CH2CU; 5%MeOH/0.5%NH4OH/CH2Cl, giving a 
light brown solid. 
Yield = 341mg(50%) 
20 Rf=0.45 (lOyoMeOH/iroNH^OH/CHjCU) 

'H-NMR (300MH2. CDClj): 5 = 2.22 (m, I H). 2.38 (m. 1 H), 3.5 (m, 4H), 4.40 (s, 2H), 4.98 
(m. IH). 6.41 (m. 2H). 6.62 (m. 2H). 6.78 (m. 3H), 6.90 (s. IH). 8.21 (d. 2H). 
MS (ESP+): m/e 430/432 (M+H)*. 

25 E.xample 1.10 

|-('4-pvridv!>-4-r3-chloro-5-trmi.nromerhvl-->- pvridvhpip pra7in>» 



by alkylation with 4-nuoronitroben2ene followed by hydrogenation) (400mG. leq) and 5- 
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Scale: 3.07mmol 



5 Method: I-Pyridyl piperazine (500mg) was heated at reflux in THF (10ml) with 2J-dichloro- 
S-trifluoromethylpyridine (662mg. 1 eq) and triethylamine (0.470ml, l.Ieq) for 18 hours.' Th€ 
mixture was partitioned between dichloromethanc and water. The organic layer was dried 
over sodi um sulphate. After evaporation of the solvent, the residue was purified by column 
chromatography on silica gel. eluting sequentially with CH^CIj; 3%MeOH/CH,Cl2; 
10 6%iVIeOH/CH^CU, giving the product as a yellow solid. ^ 
Yield = 602mg (57%) 

Rr= 0.^5 (10%MeOH/l%NH4OH/CH2Cl2) 

'H-NMR (250MH2. CDCI3): 5 = 3.5 (m. 4H). 3.68 (m. 4H). 6.72 (dm, 2H). 7.80 (d, 1 H). 8.32 
(dm. 2H). 8.42 (m, IH). 
15 MS (CI): m/e 343 (M+H)*. 

Examnle.s 131/M2 

r3R)-l-C4.pvridvlV3-f6-chloroben7ihia7ol-2-vloxv1pvrrolidine 




Scale: 1 .82mmol 

Method A. using (R)- i -(4-pyridyl)-3-hydro.\ypyrrolidine and 2.6-dichlorobenzihiazole. The 
25 residue was purified by column chromatography, eluting sequentially vyiih CH-.CIi: EtOAc: 
5%MeOH/CH,CU; lOVoMeOH/CH.CU; 1 0%MeOH/l%NH,OH/CH,CI, giving a brown solid 
which wa.s triturated with ctiier. 

126 
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Yield = 3l5mg (36%) 

Rf = 0.38 (l0%MeOH/l%NH4OH/CH;CU) 

'H-NMR (200.MHZ. CDClj): 6 = 2.40 (m, I H), 2.54 (m. 1 H). 3.58 (m. 2H), 3.78 (m. 2H), 5.87 
(m. 1 H). 6.44 (d. 2H). 7.36 (dd. 1 H), 7.62 (m. 2H). S.23 (d. 2H). 
5 MSfESP+): m/e 332 (M+H)*. 

The (R) enantiomer was also prepared by the same method, and gave identical analytical data. 

Example 133 

nRVl-C4-pvridvn-3-r2-quinolvloxv'>pvrTolidine 

10 

Scale: l.83mmoI 

15 Method A, using (R)-l-(4-pyridyl)-3-hydroxypyrrolidine and 2-chloroquinoline in 1ml THF. 
The residue was purified by column chromatography, eluting sequentially with CHjCl,; 
5%MeOH/CHXU; lOroMeOH/CHjCl,; I0%MeOH/l%NHjOH/CH,Ci: giving an off-white 
solid. 

Yield = 500mg (94%) 
20 Rf = 0.37 (10%MeOH/l%NH4OH/CH,Cl2) 

'H-NMR (300MH2, CDCI3): 5 = 2.42 (m, 2H), 3.58 (m, 3H). 3.82 (dd. I H). 5.96 (m. I H), 
6.42 (d. 2H), 6.84 (d. I H). 7.40 (t. I H). 7.63 (t, I H). 7.72 (d. 1 H). 7.98 (d, I H). 8.20 (d. 2H). 
MS (ESP+): m/e 292 (M+H)*. 

25 Examples 114/1 

f3R)-!-('4-pvridvn-"'-(5-chloroben7.oxa7.ol-2-vlo.xv>pvrrolidine 




1X1 
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N 




o- 




CI 



N 



Scale; 175mu, l.07mmol 

5 Method A (without tetrabutylammonium bromide) in THF (0.5M). using {R)-l-(4-pyridyl)-3- 
hydroxypyrroiidine and 2.6-dichioroben20xazoIe, with Ihr reaction time. After evaporation of 
the solvent, the residue was purified by column chromatography, eluting sequentially with 
CH.CI,; 5%MeOH/CH,CI,: I OVoMeOH/CHiCij; 10%MeOH/l%NH,OH/CH,CU giving an 
off-while powder. 
10 Yield = 79mg (23%) 

Rf = 0.54 (1 0%MeOH/l%NH4OH/CHXI,) 

•H-NMR (300MHz. CDCI3): 5 = 2.42 (m, IH). 2.58 (m. IH). 3.61 (m, 2H). 3.78 (m. 2H), 5.75 
(m. I H). 6.42 (d. 2H). 7. 1 8 (dd, 1 H). 7.25 (m. 1 H), 7.47 (s. 1 H), 8.22 (d, 2H). 
MS (ESP+): n^'e 3 1 6/3 1 8 (M+H)*. 
15 The (S) enantiomer was also prepared by the same method in 46% yield from the (S) alcohol, 
£md gave identical analytical data. 

F.xample ] 

f3R)-l-(4-pvridv|V->-('6-chlorohen7oxa7nl-7 - v|nxv)pvrrnljHjn >- 

20 



\ /)~~C\ 



Scale: 1 .27mmol 



25 Method A. using (R)- 1 -(4-pyridyl)-3-hydroxypyrroIidine and 2.6-dichlorobenzoxazole in 1ml 
THF. The residue was purified by column chromatography, eluting sequentiiilly with ChUCU. 
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5%MeOH/CH,Cl;; lO'/oMeOH/CHjCI,; 1 0%MeOH/l%NH..OH/CH:CI, civinc an off-whi>e 
solid. 

Yield = 25mg (6%) 

= 0.46 ( 1 0%MeOH/l "/oNH^OH/CHzClz) 
5 'H-NMR (500MHz, CDCIj): 5 = 2.42 (m. 1 H). 2.60 (m, I H). 3.60 (m, 3.80 (m. 2H), 5.75 
{m. I H). 6.42 (d. 2H). 7.25 (m. 1 H + CHCI3). 7.40 (m. 2H). 8.22 (m, 2H). 
MS(ESP^): m/e 316/318 (M+H)*. 

Examnlc 137 

10 f3R)-l-(^-Dvridvn-j-f5-Crifluorome thvlhen7Thiazol-?-vioyv)nvrTolidinp 
Scale: 2.44mmol 

.15 ' 

Method .-K. using (R)- 1 -(4-pyridyl)-3-hydroxypyrro!idine and 2-(methanesulphinyi)-5- 
trifluoromethylbenzthiazole. The residue was purified by column chromatography, eluting 
sequentially with CH,CU: EtOAc; 5%MeOH/CH,CU; lOyoMeOH/CHXI,: 
10%MeOH/l%NHaOH/CH,CU giving a pale yellow solid. 
20 Yield = 185mg (21%) 

Rf = 0.37 (10%MeOH/l%NH4OH/CHjCl2) 

'H-NMR (300MHz, CDCI3): 5 = 2.41 (m. 1 H). 2.58 (m. 1 H), 3.58 (m. 2H). 3.78 (m, 2H). 5.88 
(m. 1 H). 6.42 (d. 2H). 7.48 (d. 1 H). 7.77 (d. I H). 7.88 (s, I H). 8.22 (d. 2H). 
MS (ESP+): m/e 366 (M+H)*. 

25 

Example 138 

f3[^).|.<'4.pvridv|V3-f6-bromoihia2Qlof4 ^-h) pvridin-?-vloxv)nvrrnliHiq ^ 
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Br 



Scale: j55mg, 2.17mmol 



5 Method B, using (R)- 1 -(4-pyridyl)-3-hydroxypyrToiidine and 2-methanesuIphonyI-4-aza-6- 
bromobenzthiazole. with I hr reaction time. After evaporation of the solvent, the residue was 
purified by column chromatography, eluting sequentially with CH,CU: 5%MeOH/CH,CI,; 
I0%MeOH/CH,Cl,; 1 0%MeOH/| yoNH.OH/CHXl, giving a pale yellow solid. 
Yield = I28mg (16%) 
10 Rf = 0.47 (10%MeOH/I%NH4OH/CH2Cl2) 

'H-NMR (300MH2. CDClj): 5 = 2.42 (m, IH), 2.60 (m. IH). 3.60 (m. 2H). 3.80 (m, 2H). 5.98 
(m, IH). 6.42 (d, 2H). 8.1 1 (s. IH), 8.22 (d, 2H), 8.58 (s. IH). 
MS (ESP+): m/e 377/379 (M-t-H)*. 

15 2-Methanesulphonyl-4-aza-6-bromobenzthia2oIe was made in three steps from 2-amino-3.5- 
dibromopyridine as follows: 

2-Thip-4-aza-6-bromoben7ihia?-r^|^ 

2-Amino-3,5-dibromopyridine (5.2 Ig, 20.7mmol) and ethyl potassium xanthaie (6.28g, 
20 4I.3mmol) were heated together in N-methyipynrolidine (42ml) at ITO'C for three hours. The 

mixture was dissolved in hot water (ca. 150ml) and filtered whilst hot. Upon cooling, the 

filtrate was acidified with acetic acid. The resulting precipitate was filtered, washed with 

water and dried to gice the product. 

Yield = 4.48g (87%) 
25 'H-NVIR (300MHz. d6-DMSO): 5 = 8.38 (s. 1 H). 8.45 (s. I H). 

MS(CI^): m/e 247/249 (M+H)*. 

2-Meihv|{hio- 4-a7a-6-hromohcn7thia/nie 
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2rThio-4-aza-6-bromoben2thia2ole (4.45g, 18.02mmol) and potassium carbonate f2.99g.J.2 
equivalents) were mixed in DMF (40ml). lodomethane (l.I3ml, 1.0 equivalents) was added 
dropwise. After stirring for three hours the mixture was partitioned between diethyl ether and 



then diethyl ether. 

Yield = L3g(28%) 

R, = 0.66 (50%EtOAc/CHjCl2) 

*H-NMR (300MH2,CDClj): 5 = 2.79(5. 3H), 8.15 (s. IH), 8.55(s. IH). . 
10 MSCCI-^): m/e 261/263 CM+H)*. 

2-Methanesulp honvN4-aza-6-hromobenzthia7nle 

2-Melhylihio-4-aza-6-bromoben2thia2ole { 1 .02g, 3.9mmol) was dissolved in acetic acid 
(10ml) and a solution of potassium permanganate (L36g, 2.2 equivalents) in water (lOmI) wa: 
15 added with sufficient cooling in ice as to keep the reaction temperature at 25-30''C. After 
stirring for an hour at roon temperature the black reaction mixture was treated with sodium 
meiabisulphite, giving a white suspension. The pH was adjusted to ca 8-9 with 20% aqueous 
ammonia. The mi.xture was extracted with ethyl acetate, and the combined organic phases 
were dried over sodium sulphate, filtered and evaporated to give an orange-cream solid. 
20 Yieid = 0.71g (62%) 

Rr= 0.58 (50%EtOAc/CH2Cl2) 

*H-NMR C300MH2. CDCI3): 6 = 3.42 (s, 3H), 8.55 (s, 1 H), 8.85 (s. 1 H). 
MS (CI-): m/e 293/295 (M+H)\ 

25 Examnles 119/140 

r3R.)-l-f4.pvridv!Vi-r6-hromo- 2-quinnxa|invinxv^pvrrQlidine 



water. The organic layer was dried over sodium sulphate, filtered and evaporated to give a 
5 dark oil. This was purified by column chromatography, eluting sequentially with CH.CKand 




30 Scale: n.63mmol 
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Method B. using (R)- 1 -{4-pyridyI)-3-liydroxypyn-olidine and 2-chloro-6-bromoquinoxalinc. 
The residue was purified by column chromatography, eluting sequentially with CH,CI.; 
5%MeOH/CH,CN: lOroMcOH/CH^CU; 10%MeOH/l %NH,OH/CH,CI, yivini: a yellow 
5 solid. 

Yield = 200mg (85%) 

Rr = 0.34 (lOyoMeOH/I'/oNH^OH/CH^Cl.) 

'H-NMR f200MH2, CDClj): 6 = 2.42 (m. 2H). 3.60 (m. 3H). 3.84 (dd. I H). 5.94 (m. I H). 
6.44 (d,2H).7.77(m.2H). 8.21 (m, 3H). 8.43 (s. IH). 
10 MS (ESP-!-): m/e 37i/373 (M+H)*. 

The (S) cnantiomer was also prepared by the same method in 30% yield from the (S) alcohol, 
and gave identical analytical data. 

Example 141 

15 nRVl-r4-nvridvn-3-r6-nuornhff n7thia7n|.7-vloxv)pvrrn[j (;jipp 




Scale: 2.44mmol 

20 

Method B. using (R)-I-(4-pyridyl)-3-hydroxypyrrolidine and 2-(isopropyIsulphonyl)-6- 
trifluoromethylbenzthiazole. The residue was purified by column chromatography, eluting 
sequentially with CH,CU: EtOAc; 5%MeOH/CH2Cl2; 10%MeOH/CH:Cl3: 
10%MeOH.'l%NH4OH/CHiCI, giving an off-white solid. 
25 Yield = 498mg (65%) 

R, = 0.42 (10%MeOH/l%NH,OH/CH2CI,) 

'H-NMR (300MHz. CDCIO: 5 = 2.35 (m. 1 H). 2.45 (m. 1 H). 3.48 (m. 2H), 3.66 (m. 2H), 5.78 
im. I H). 6.38 (d. 2H). 7.03 (m, I H). 7.25 (m. 1 H). 7.55 (m. 1 H). 8. 1 8 (d. 2H). 
MS (ESP-): m/e 3 16 (M-H)*. 
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The following compounds were also prepared using the methods described bel 



ow. 



N 




N 



N" 



RING — R 



10 



Compound 


X 


RING 


R 


mp-C 


Method 


1 


CH, 


phenyl 


4-cyano 


95-98 


B 


2 


CH, 


2-furanyi 


H 


OIL* 


A 


3 


CH, 


4-pyrimidinyl 


2,6-dichloro 


>300 


B 


4 


CH, 


4-thia2olyI 


2-(4)-chlorophenyl 


151-152 


B 


5 


CH, 


4-oxazolyl 


2-(4)-bromophenyl 


192-193 


B 


6 


CH, 


phenyl 


4-methanesuIphone 


200-202 


B 


7 




phenyl 


3-nitro 


145-147 


C 


8 




phenyl 


3-methyI-4-nitro 


158-160 


C 


9 


1 phenyl 


3-lrifluoromethyl-4-nitro 


168-170 


C 



15 



• IH NMR (CDCI,): 2.55(4H.t). 3.34(4H,t), 6.23(lH,d). 6.33(IH,t), 6.64(2H,d). 7.4(1 H,d). 
8.25(2H.d) 

Method A : 

490 ms 4-pyridylpipera2ine. 498 mg sodium acetate, and 0.38 ml 2-furaldehyde was 
stirred in 12 ml methanol containing 3 g 3.A'' molecular sieve powder. 377 mc sodium 
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cyanoborohydride was added <Lnd srirring continued overnieht. The sieve was filtered and the 
filtrate concentrated and stirred with 25 ml 2 M sodium hydroxide solution. Extraction with 
dichloromethane and drying over MgSO^, followed by evaporation and chromatography (10 g 
Bond Elute , CH,CI.. then 1% methanol/CHXI,/l%NH,OH) gave compound 2 (214 mg) as a 
5 colourless oil. 

Method B : 

490 mc 4-pyridylpiperazine and 614 mg 4-chIoromethylphenyl methyl sulphone in 
1.8 ml isopropanol and 0.2 ml water with 1.4 ml triethylaminc was refluxed for 1.25 hours , 
10 then stirred overnight at ambient temperature. The solvent was evaporated . the residue 
dissolved in dichloromethane and washed with 5% w/v sodium hydroxide solution followed 
by water and brine, then dried over MgSO^. Evaporated then chromatographed (as in Method 
A above) to give compound 6 (640mg). Compounds L 3, 4 and 5 were prepared in an 
analogous manner. 

15 

Method C : 

980 mg pyridylpiperazine and 1.0 g 2-methyl-4-fluoronitrobenzene with 1,8 g 
arihydrous potassium carbonate in 10 ml DMSO was heated at 125° C overnight. The mixture 
was diluted with dichloromethane and washed with water and brine . Dried .evaporated and 
20 chromatographed as above in Method A to give compound 8 (903mg). Compounds 7 and 9 
were prepared in a similar manner. 

Examr^lc 143 

25 Illustrative pharmaceutical dosage forms suitable for presenting the compounds of the 

invention for therapeutic or prophylactic use include the following tablet and capsule 
formulations, which may be obtained by conventional procedures well known in the art of 
pharmacy and are suitable for therapeutic or prophylactic use in humans:- 
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(a) Tablet I 
Compound Z* 
Lactose Ph. Eur. 
5 Croscarmellose sodium 

Maize starch paste (5% w/v aqueous paste) 
Magnesium stearate 



mg/tablet 

1.0 
93.25 

4.0 

0.75 

1.0 



(b) Tablet II 
10 Compound Z* 
Lactose Ph. Eur 
Croscarmellose sodium 
Maize starch 

Polyvinylpyrrolidone (5% w/v aqueous paste) 
15 Magnesium stearate 



mg/tablet 
50 

223.75 
6,0 
15.0 
2.25 
3.00 



(c) Tablet III 
Compound Z* 
Lactose Ph. Eur. 
20 Croscarmellose sodium 

Maize starch paste (5% w/v aqueous paste) 
Magnesium stearate 



mg/tablet 
100 
182.75 
12.0 

2.25 

3.0 



mg/capsule 

10 
488.5 
1.5 



(d) Capsule 
15 Compound Z* 
Lactose Ph. Eur. 
Magnesium stearate 
Note 

The active ingredient Compound Z is a compound of formula [. or a salt thereof, for 
0 example a compound of formula I described in any of the preceding Examples. 

The tablet compositions (a) - (c) may be enteric coated by conventional means, for 
e.xample. with cellulose acetate phihalate. 
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■ CLAIMS 

I . A compound of formula I. or a pharmaceutically acceptable salt thereof. 

5 



A 

^ 

R 



V f~K /T-X'-Y'-Ar'-Q 
^^G^ B 



wherein 

O'isCHorN; 
is CH or N; 
10 n is I or 2; 

R is hydrogen, halogeno, trifluoromethyl. trifluoromethoxy, cyano. amino, hydroxy, 
nitro. ( 1 -4C)alkyl. ( 1 -4C)alkoxy, ( I -4C)alkylamino. di( I -4C)aIkylamino or phenyl( 1 - 
4C)alkyl; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
15 optionally bear a substituent selected from (l-6C)alkyl, CI -6C)alkoxy. phenyl( 1 -4C)alkyl, 
halogeno and (1 -6C)alkoxycarbonyI; 
T is CH. or N; 

when T is CH, X' is selected from CR'R". SOj. SO. CO, CRVo. a bond. O. S and 
NR'; and when T is N, X' is selected from CR'r\ SO,, SO, CO. CR^R'O and a bond; 
20 wherein R , R , R , R"* and R' are independently selected from hydrogen and { 1 -4C)aikyI; 

Y' represents CR*R' or a bond, wherein R* and R' are independently selected from 
hydrogen and (1 -4C)aIkyl; 

Ar" is a phenylene, naphthylene, a 5- or 6-membered monocyclic hcteroaryl ring 
containing 1 , 2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur, or a 9- or 10- 
25 membered bicyclic heteroaryl ring containing I, 2 or 3 heteroatoms selected from nitrogen, 
oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L'X^L^Z in which L' is a bond. 
( 1 -4C)alkylene or (2-4C)alkenylene, L' is a bond or ( I -4C)alkylene. X^ is a bond. O, S. SO. 
SO,. CR'r'. CO. OSO:. OCR^r'. OCO, S0,0. CR''r"0. COO. NR'°SO,. SO^NR'". 
30 NR"C0. CONR". NR'XONR'^ and NR'^ in which R" and R' are independently selected 
from hydrogen, hydroxy and (l-4C)aIkyl; and 
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R.'". R", R'-. R'-* and R'** are independently selected from hydrogen and f I -4C)alkyl; 

Z is hydrogen. ( I -4C)alkyI. phenyl, naphthyl. phenylC2-4C)alkenyl, phcnyl(2- 
4C)alkynYi or a heterocyclic moiety containing I. 2. 3 or 4 heteroatoms selected from 
nitrogen, oxygen and sulphur; 
5 and wherein the phenyl, naphthyl or heteroaryl moiety in Ar' and the alkyl. phenyl, 

naphthyl. or heterocyclic moiety in Z may optionally bear one or more substituents selected 
from halogeno. hydroxy, oxy. amino, nitro, cyano, carboxy, carbamoyl. (I-6C)a!kyl, (2- 
6C)alkenyl, (2-6C)alkynyl, hydroxy( 1 -6C)alkyl. ( I -6C)alkoxy. (3-6C)cycloaIkyl. (3- 
6C)cycloalkyl(I-4C)alkyl. (I-4C)alkyIenedioxy, {l-6C)a!kylamino. di-[(l-6C)alkyl]amino. N- 
10 (l-6C)alkylcarbamoyl. di-N[Cl -6C)alkyi]carbamoyl. (I -6C)alkanoylamino. (1- 

6C)alkoxycarbonyl. (I.6C)aIkylthio. (l-6C)alkylsulphinyl. (l-6C)alkylsulphonyl. halogeno(l- 
6C)alkyK haIogeno(l-6C)alkoxy. (l-6C)alkanoyl, tetrazoyi, phenyl, phenoxy. 
phenylsulphonylpiperidinocarbonyl. morpholinocarbonyl, hydroxy(l-6C)alkyl and amino(l- 
6C)alkyl; wherein any phenyl containing substituents may optionally bear one or more 
15 substituents selected from halogeno, trifluoromethyl. trifluoromethoxy, cyano, amino, 
hydroxy, nitro. (l-4C)alkyl, (l-4C)aIkoxy. (l-4C)alkylamino and diCI-4C)a]kylamino; 

provided that the compound is not N-[4-f4-(4-pyridyl)piperazin-l -ylcarbonyl]phenyl]. 
(E)-4-chlorostyrenesulphonamide or N-[4-[4-(4-pyridyl)piperazin-l-ylcarbonyl]phenyl]-4'- 
bromo-4-biphenylesuiphonamide; 
20 and pharmaceutically acceptable salts thereof. 

2. A compound as claimed in claim 1 wherein there is provided a compound of formula 
1, or a pharmaceutically acceptable salt thereof, wherein 
G'isCHorN; 
25 G- is CH or N; 

n is I or.2; 

R is hydrogen, halogeno. trifluoromethyl. trifluoromethoxy, cyano. amino, hydroxy, 
nitro. (l-4C)aIkyI, ( 1 -4C)aIkoxy. ( I -4C)alkylamino or di(l -4C)alkylamino; 

A is methylene or ethylene; B is ethylene; and wherein A and B may independently 
30 optionally bear a substiluent selected from (l-6C)alkyl, (I -6C)alkoxy. phenyl (I-4C)aIkyi, 
halogeno and ( 1 -6C)alko.\ycarbonyi; 
T is CH or N; 
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when T is CH. X* is selected from CR'r\ SO. SO. CO, a bond, CR^R'O, O. S and 
NR\ and when T is N, X' is selected from CR*R\ SO^. SO, CO. CR^R'^O and a bond, 
wherein R*. R\ R\ R"* and R^ are independently selected from hydrogen and f I -4C)alkyl; 
Y' represents CR^R' or a bond, wherein R* and R^ are independently selected from 
5 hydrogen and (l-4C)alkyl; 

Ar' is a phenylene ring or a 5- or 6-membered monocyclic heteroaryl ring containing 
1.2 or 3 heteroatoms selected from nitrogen, oxygen and sulphur; 

Q is selected from hydrogen and a group of formula L*X^l'Z in which L' is a bond o 
CI-4C)alky[ene, is a bond or (! -4C)alkylcne, X^ is a bond. S. SO, SO,, CR^R*', CO, 
10 NR'^'sO,. SO.NR", NR^'CO. CONR'- and NR'^CONR" in which R^R^R'^R'^R = ^ r'^ 
and R'"* are independently selected from hydrogen and (l-4C)alkyl; 

Z is selected from phenyl, naphthyl, pheny|(2-4C)alkenyl, phenyl(2-4C)alkynyl and a 
heterocyclic moiecy containing 1, 2, 3 or 4 heteroatoms selected from nitrogen, oxygen and 
sulphur; 

15 and wherein the phenyl or heteroaryl moiety in Ar' and the phenyl, naphthyl. or 

heterocyclic moiety in Z may optionally bear one or more substituenis selected from 
halogeno. hydroxy, amino, nitro, cyano, carboxy, carbamoyl, (l-6C)alkyl, f2-6C)alkenyK (2- 
6C)alkynyl, (l-6C)alkoxy, (3-6C)cycloalkyI, (3-6C)cycloalkyl(l -4C)alkyK ( I - 
4C)alkylenedioxy. (I -6C)alkylamino, di-[(l-6C)alkyI]amino, N-(l-6C)alkyIcarbamoy|, di- 

20 N(n-6C)alkyl]carbamoyl, (l.6C)alkanoylamino, (1 .6C)alkoxycarbonyl. (1 -6C)aIkylthio. ( i - 
6C*)alkylsulphiny[, ( I -6C)aIkylsulphonyl. halogenoC 1 -6C)alkyl, halogeno( I -6C)alkoxy, ( 1 - 
6C)aIkanoyl and tetrazoyl: 

provided that the compound is not N-[4-[4-(4-pyridyl)pipera2in- 1 -ylcarbonyljphenyl]- 
(E)-4-chlorostyrenesulphonamide, 

25 and pharmaceutically acceptable salts thereof. 

3. A compound as claimed in claim I or 2 wherein Q is H, T is CH or N; when T is CH, 
X* is O, S. CO. SO.. CH, or a bond: when T is N; X' is CO. SO. or CH.; Y' is a bond and G 
is CH. 
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4. A compound as claimed in claim t or 2 wherein Q is H. R and n are as defined in • 
claim I or 2 and G'. G". T, X'. R', R\ R\ Y'. A. B and Ar' are selected from: 

(a) G- is CH or N; G' is CH; T is N or CH; when T is N. X' is CR'R'.SO,, CO; when T 

CH. X' is CR'R-.SOj.CO.O.S.NR' or a bond, in which R'.R- and R'are independently 

5 selected from hydrogen and (l-4C)aIkyl; Y'is a bond. A and B are both ethylene; Ar' is a 
phenyl ring; 

(b) G- is CH or N; G' is CH. T is N, X' is CH, SO, or CO. A and B are ethylene. V is a 
bond. Ar' is a phenyl ring; 

(c) G' is CH, G' is CH, T is N. X' is CH^. SO, or CO. A and B are ethylene, Y' is a bond. 
10 Ar' is a phenyl ring; 

(d) G- is CH or N, G' is CH. T is CH, A is methylene. B is ethylene, X' is O or a bond, Y 
is a bond. Ar' is a phenyl or pyridyl ring; or 

(e) G- is CH or N, G' is CH. T is N, X' is CH,, SO,, CO, A and B are ethylene. Y' is a 
bond, Ar' is a pyridyl ring. 

15 

5. A compound as claimed in claim I or 2 wherein G'is CH, G^ is CH, T is N, X' is CO. 
SOz or CH,, A and B are ethylene, Ar' is phenyl and, Q is hydrogen. 

6. A compound as claimed in claim 1 or 2 wherein Q is a group of formula L'X'L'Z and 
20 X'is a bond. 

7. A compound as claimed in claim I or 2 wherein R and n are as defined in claim 1 or 2 
and G', G-, T, A, B. X'. Y', and Q are selected from: 

CH or N, G' is CH, T is N or CH, A is ethylene, or methylene, B is 
15 ethylene. X'and Y'are bonds, Q is a group of formula L'X'L'Ar* in which L' is (1- 

4C)alkylene or a bond, X' is selected from CONR'- NR"CO NR'^SO,, NR'^CONR" and 
SO,, L is a (l-4C)alkylene or a bond, R'", 

R'-,R'- and R'* are independently selected from hydrogen and (l-4C)alkyl; 
(b) G- is CH or N. G' is CH. T is N or CH, A and B are ethylene. X' and Y' are bonds; Q 
0 is a group of formula L'X'L-'Ar-in which L' is (l-4C)alkylene or a bond, X' is NHCO. 
NHSO,.. NHCONH or SO,. is n-4C)alkylene or a bond, and R and n are as hereinbefore 
defined; 
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fc) G' is CH. C is CH. T is N or CH. A and B are ethylene. X' and Y" are bonds. Q is 
L'X-L' AT in which L' is ( l-4C)alkylene. L' is a bond, X' is NHCO, NHSO,. NHCONH and 
SO,, or 

(d) G- is CH or N (preferably CH), G' is CH; T is N or CH (preferably N). X' and Y' are 
5 bonds. A and B are ethylene. Ar' is phenyl, Q is a group of formula L'X-L'Ar in which L' 
is ( l-4C)alkylene or a bond (preferably alkyiene such as CH,), X^is NHCO, NHSOj. 
NHCONH or SO,. L' is (I -4C)alkylene or a bond (preferably a bond. 



8. A compound as claimed in any one of claims 1 to 7 wherein G' and G- are each CH. 



10 



9. A compound as claimed in claim I or 2 wherein G' is CH, G^ is CH, T is N, X" is a 
bond. Y' is a bond. A and B are ethylene, Ar' is phenyl. Q is of formula L'X'L'Z in which L' 
is (l-4C)alkylene Cpreferabiy CH,), X" is NR*SO, in which R'is ( 1 -4C)alkyl or hydrogen 
(preferably hydrogen), and Z is phenyl, wherein the phenyl moiety of Ar' and Z may 

15 optionally be substituted as defmed in claim 1 or 2 and R and n are as defined in claim 1 or 2. 

10. A compound of the formula I as claimed in claim 1 wherein 
G' is CH. 

G- is CH or N 

20 T is CH or N, when T is CH then X'Y' together are O or S, when T is N then X'Y' together 
are a bond. 

Ar' is a phenylene ring, a pyridyl ring, or a fused heterocyclic system containing- 1,2- or 3 
heteroatoms. and may optionally bear one or more substituenis selected from halogeno. nitro. 
cyano, (1-6C) alkyl, (l-6C)alkylthio, halogeno(l-6C)alkyl, haIogeno(l-6C)alkyIthio. 
25 halogeno(l-6C)alko.xy, (l-6C)aIkoxycarbonyl, 

Q is selected from hydrogen and a group of formula L'X'L'Ar in which L' is a bond or (1 - 
4C)alkylene, L" is a bond or (I -4C)alkylene, X' is a bond, NR*. O or S, in which R* is 
hydrogen or ( 1 -4)C alkyl; and 

Ar- IS selected from phenyl, and a monocyclic heterocyclic moiety containing 1.2.3 or 4 
30 heteroatoms selected from nitrogen, oxygen and sulphur, and may optionally bear one or more 
substituents selected from halogeno. nitro. cyano. ( 1 -6C) alkyl. ( I -6C)alkylthio. haloeeno( I - 
6C)a[ky|. halogeno(l-6C)alkylthio. haloceno( 1 -6C)alkoxy. ( 1 -6C)alkoxycarbonyl: 
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A compound as claimed in any one of claims I - 1 0 wherein As' is a phenyiene ring. 
2-pyridyl rmg. a benzthia2ol-2yl ring, a 2-quinoyloxy ring, a benzoxazolyl ring, a 
thiazoiopyridin-2-yl or a quinoxalinyloxy ring. 

5 12. A compound as claimed in any one of claims I-l I wherein R is hydrogen, halogeno 
or(l-4C)alkyl. 

13. A compound as claimed in any one of claims i-l 2 wherein the substituent Q on Ar' 
is in the 4-position. 

10 

14. A compound as claimed in any one of claims I- 1 3 wherein the substituen[(s) on Ar' 
and/or Ar' are independently selected from methyl, methylthio, cyano. nitro, trifluoromcthyl. 
trifluoromelhoxy, trifluoromethyllhio, chlorine, bromine, fluorine and methoxycarbonyl. 

15 15. A process for preparing a compound of formula I, or a pharmaceutically acceptable 
salt thereof as claimed in claim I which process is selected from: 

(a) for the production of those compounds of the formula I wherein T is N and X' is CO, 
the reaction, conveniently in the presence of a suitable base, of an amine of the 
formula II, 



20 



^G'=x ^ A 



y) N ^NH 



R, 



with an acid of the formula III, 

25 

HOjC-Y'-Ar'-Q [jj 



or a reactive derivative thereof. 

(b) for the production of those compounds of the formula I wherein T is CH and X' is O 
30 the reaction of a compound of the formula fV 
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•I 
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•V N. , /) N ^ CH - Z- 



wherein is a dispiaccable group, with a compound of the formula V; 

HO-Y'-Ar'-Q V 

10 

(c) tor ihe production of those compounds of the formula I wherein T' is N and is 
CH(R"). the reductive amination of a keto compound of the formula VI, 

R^-CO-Y'-Ar'.Q VI 

15 

with an amine of the formula II. 

(d) The reaction of an amine of formula II with a compound of formula VII. 



Z-X'-Y'-Ar'-Q VII 



20 



wherein Z* is a displaceable group; 
(e) the reaction of a compound of formula VIII 



VIII N_ 
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vi/hereiFi Z* is a displaceable group with a compound of formula IX 
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^ A 

IX 



HN^ T-X' - Y' - Ar' - Q 

B ^ 



(0 for the production of those compounds of the formula I wherein X' is a group of the 
formula NR'^SO,. the reaction of an amine of the formula X 



10 



R 



with a compound of the formula XI, 

15 

Z-SO,-L'-Z 



/) ^ T-X' - YV- Ar' - L' - NHR10 



XI 



wherein Z" is a displaceable group; 

(g) for the production of those compounds of the formula I wherein X" is a group of the 
20 formula NR''CONR'\ the reaction, of an amine of the formula X. with acompound of the 
formula XII; 



0=C=N-L'-Ar- 



25 (h) for the production of those compounds of the formula I wherein X" is a group of the 
formula NR'°SO,and R" represents fl -4C)alkyl. the reaction of a corresponding 
sulphonamide of the formula XIII, 
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/) 'T- X' - Yi - Ar' - L' - NHSO, - L2- Z 

5 with a compound of the formula XIV, 

R-'-Z' XIV 

wherein Z' is a displaceable group; 
10 (i) for the production of those compounds of the formula I wherein L' represents (I 
4C)a!kyIene and X'is S. the reaction of a compound of the formula XV, 



\l ^T-X'-Y'-Ari-(CH2)^-2' 



15 

wherein m is 1 .2.3 or 4. and Z" is a displaceable group with a thiol of the formula XVI; 

HS-L*-Ar XVI 
(j) for the production of those compounds of the formula I wherein Ar' or Z bears a 
20 carbox\ or carboxy-containing group, the hydrolysis of a compound of the formula 1 wherein 
Ar' or Z bears a (I-6C)alkoxycarbonyl group. 

(k) for the production of those compounds of the formula I wherein Ar' or Z bears a 
carbamoyl, N-( I -6C)alkylcarbamoyl or alkyIdi-N((I-6C)carbamoyl group, the reaction of a 
compound of the formula I wherein A' or Z bears a carboxy croup, or a reactive derivative 
25 thereof, with ammonia or an appropriate alkylamine or dialkylamine. 

f 1) for the production of those compounds of the formula I wherein X' is a group of the 
formula SO or SO, wherein Ar' or Z bears a (I -6C)alkylsuiphinyl or ( I -6C)alkylsulphonyl. 



tUlA 
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substituenror wherein X* is a group of the formula SO or SO, the oxidation of the . 
corresponding compound of the formula I which contains a thio group; 



and whereafter when a pharmaceutically acceptable salt is required reacting the compound of 
5 formula I with an acid which affords a physiologically acceptable anion or a base which 
affords a physiologically acceptable cation. 

16. A pharmaceutical composition comprising a compound of formula I, or a 
pharmaceutically acceptable salt thereof, as defined in any one of claims 1 to 14, together with 

10 a pharmaceutically acceptable carrier or diluent. 

17. The use of a compound of formula I, or a pharmaceutically acceptable salt thereof, as 
claimed in any one of claims 1 to 14 for the manufacture of a medicament for treating diseases 
or medical conditions in which an inhibition of cholesterol biosynthesis is desirable. 

15 

18. The use of a compound of formula I, or a pharmaceutical acceptable salt thereof, as 
claimed in any one of claims I to 9 for the manufacture of a medicament for the treatment of 
hypercholesterolemia or atherosclerosis. 

20 19. Use of a compound as claimed in any one of claims 1-14 as an antifungal agent. 

20. A pharmaceutical composition comprising one or more compounds as claimed in any 
one of claims 1-14 for use in the treatment of fungal infections of the human or animal body. 
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